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DISCLAIMER

This report has been reviewed by the O0ffice of Radiation Programs -
Las Vegas Facility, U. S. Environmental Protection Agency, and approved
for publication. Mention of trade names or commercial products does not
constitute endorsement or recommendation for their use.
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PREFACE

The Office of Radiation Programs of the U.S. Environmental Protection
Agency carries out a national program designed to evaluate population exposure
to ionizing and nonionizing radiation, and to promote development of controls
necessary to protect the public health and safety. This report describes
several field studies which were conducted to evaluate the ambient airborne
radioactivity levels for locations in the vicinity of the Jackpile Open Pit
Uranium Mine in New Mexico. Readers of this report are encouraged to inform
the Office of Radiation Programs of any omissions or errors. Comments or
requests for further information are also invited.

Rl Mtk

Donald W. Hendricks
Director, Office of
Radiation Programs, LVF
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INTRODUCTION

Starting in December 1975, a one-year study was conducted in the vicinity
of the Jackpile Open Pit Uranium Mine to measure the ambjent airborne concentra-
tions of natural radioactive materials such as uranjum, radium and thorium.
Radon progeny levels (expressed as Working Levels [WL]) were also determined
at several indoor locations in nearby communities. During June 1976, a
special study was conducted to measure the ambient outdoor radon-222 levels in
the area. This report discusses the results of these radiological surveys.
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SUMMARY

This report discusses the results of several radiological surveys conducted
in the vicinity of the Jackpile Open Pit Uranium Mine in New Mexico. During
June 1976, ambient radon-222 concentrations were measured at eleven locations,
seven of which appear to have been at representative background radon levels -
averaging 0.50 + 0.033 pCi/1. The other four locations had average radon
levels in excess of this typical background level; however, the highest
measured radon concentration was 2.7 pCi/1. The arithmetic average ambient
radon progeny working level obtained indoors at the Laguna Tribal Building
appeared to be at a representative background Tlevel of 0.0049 + 0.00045 WL.

The arithmetic average ambient working levels obtained at the Paguate Community
Center and the Jackpile Housing were 0.035 + 0.0038 and 0.015 = 0.0025 WL,
respectively. Ambient airborne particulate radioactivity concentrations
measured outdoors at 01d Laguna appear to be at typical background levels;
however, other locations exhibited higher annual average concentrations for

the naturally-occurring radionuclides.
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STUDY AREA

Figure 1 shows the study area and sampling locations. The Anaconda
Company operates the Jackpile-Paguate Mine which is the world's Jargest open
pit uranium mine. About 5500 tons of uranium ore are produced each day.
Roughly one-half of the daily production is sent via railway for processing at
the Anaconda Mi11 at Bluewater; the remaining ore is stockpiled at the mine.

4
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Figure 1. Sampling locations and summary of radon and progeny measurements
in the vicinity of the Jackpile Open Pit Mine, New Mexico
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RADIATION SURVEYS

Upon selection of a site as a suitable air sampling location, gamma
radiation surveys were completed. These surveys were done to evaluate whether
the sampling location was constructed upon an area of elevated terrestrial
radioactivity, or if some uranium ore or other radioactive material was present
inside the structure. Such conditions could have biased the ambient outdoor
radon levels and/or the indoor working level determinations.

A pressurized jonization chamber (PIC - Reuter Stokes, Model RSS-111
Environmental Radiation Monitor) was used to measure the radiation exposure
rate in units of microroentgen per hour (,R/h). The PIC was calibrated using
a "shadow shield" method employing a cobalt-60 source calibrated by the
National Bureau of Standards. The PIC was then inter-calibrated to respond to
a radium-226 gamma spectrum. The PIC measures both the cosmic and terrestrial
gamma source exposure rates. All PIC measurements were made at a height of
one meter above ground surface. For the indoor measurements, the PIC determina-
tion was made in about the center of the room in which the indoor radon progeny
air sampler was located.

Radiation surveys were also made using a portable gamma scintillator
survey meter (Baird-Atomic, Type NE148A - Gamma Scintillator Ratemeter). This
instrument was calibrated with a radium-226 standard and measured the relative
gamma radjation exposure rate in units of yR/h. Table 1 presents the radiation
exposure rates measured at each location (indoor and outdoor) for both types
of detectors.
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TABLE 1. GAMMA RADIATION SURVEYS AND SOIL AND WATER SAMPLE RESULTS

Outdoor Indoor Ra-226 in Soil Ra-226 in Water
PIC Scintillator Pic Scintillator Top 5 cm* (Total)*
Location (uR/h) (uR/h) (uR/h) (uR/h) (pCi/qg) (pCi/1)
Laguna (#2) 11.5 5 14.1 8 0.62 + 0.15 -
Bibo 14.3 7 - - 0.86 + 0.18 -
Mesita (#1) 11.0 5 - - - -
Mesita (#2) 12.0 7 - - 0.78 + 0.17 0.37 £ 0.097
o Moquino 11.9 5 - - - 0.15 £ 0.064
Paguate 13.1 7 14.5 1 1.1 +£0.19 0.65 * 0.12
Jackpile Housing 15.9 14 17.0 14 3.9 £ 0.36 -
Railroad Trestle 13.4 9 - - 1.7 *+0.24 4.7 + 0.32

*Result * Two-Sigma Counting Error
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RADIUM IN SOIL AND WATER SAMPLES

In addition to the radiation survey, a soil sample was also collected at
several of the outdoor air sampling locations. Each soil sample was obtained
at the same location as were the outdoor radiation measurements. The results
of analyses for radium-226 content are also reported in Table 1. A standardized
sampling procedure, which utilized a steel scoop, 5-cm deep and 100-cm® in
surface area, was established to obtain a standard soil sample of 500 cm?,
representing the average activity in the top five centimeters of soil. The
highest radium content in soil (3.9 pCi/g) was at the Jackpile Housing Area.
The soil content at the Railroad Trestle was also high at 1.7 pCi/g. Both of
these areas showed elevated radon levels, as discussed later. The background
location at Laguna (#2) had the Towest radium in soil content of 0.62 pCi/g.

Four non-potable water samples were collected from nearby streams and
these results are also shown in Table 1. Radium-226 in the total water sample
(both dissolved and suspended components) was measured, ranging from a Tow of
0.15 pCi/1 at the Rio Moquino to a high value of 4.7 pCi/1 for a stream near
the railroad trestle.
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METEOROLOGY*

Surface winds are monitored continuously at the Jackpile-Paguate mine by
the Anaconda Company using a Bendix Aerovane wind transmitter located on the
roof of the maintenance shop. The approximate height of the instrument is 60
feet above ground level. Wind speed and direction are recorded on analog
recorders and later reduced to hourly averages by Anaconda personnel.

Surface winds at the mine occur primarily from the east and west. The
nocturnal wind (1800-0600 MST) is characterized by 1ight, westerly flow
influenced by drainage from nearby terrain. During the early morning period
(0000-0600 MST) westerly flow accounts for 41.5 percent of all occurrences;
27.4 percent are less than 5 mph. During the late evening (1800-2400 MST),
flow is also westerly, although wind speeds average slightly higher.

The daytime wind (0600-1800 MST) is characterized by 1ight to moderate
flow distributed primarily between the eastern and western sectors. The
influence of drainage winds from the west can be seen to diminish during this
time as wind speeds in these sectors increase. In the morning period (0600-
1200 MST) 1ight to moderate winds still account for the majority of occurrences
although they are increasingly associated with easterly flow. By afternoon
(1200-1800 MST) 1light winds account for only a small fraction of occurrences

in either the western or eastern sectors; moderate to strong winds predominate
in both.

Wind speeds at the mine exemplify the early morning effect of drainage
winds, which are replaced later in the day by strong westerly flow. Wind
speeds in the early morning average 5.6 mph and increase to an average of 10.6
mph during 1200-1800 MST. Although winds are more frequent from the east
during this period, the stronger winds are associated with westerly flow; wind
speeds in this sector average 13.5 mph between 1200-1800 MST.

* This section provided by The Anaconda Company (1976).
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Wind speeds at the mine are generally of 1ight to moderate intensity with
wind speeds greater than 15 mph accounting for less than 11 percent of all
occurrences. Average wind speeds range from 5.3 mph from the east to 11.6 mph
from the west-northwest. The strongest winds generally occur from the WNW
although the frequency of their occurrence is extremely small. Maximum hourly
average wind speeds are most prevalent during the afternoon hours (1200-1800
MST); ranging from 18.0 mph from the ENE to 45 mph from the VINW.

Wind speeds and directions recorded by Anaconda at the maintenance shop
provide a general indication of surface winds in the area but, because of the

irregular terrain, should not be considered representative of any other
specific location at the mine.
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AMBIENT OUTDOOR RADON-222 CONCENTRATIONS

SAMPLING SYSTEM AND ANALYTICAL METHODS

. A continuous, Tow-volume, 110-volt AC sampling system was used to obtain
the ambient outdoor sample (U.S. Public Health Service, 1969). This sampling
technique consisted of pumping filtered air via a small, low-volume air pump
(less than 10 m1/min sampling rate) into a 30-1iter Tedlar bag*. The ajr
intake was about one meter above the ground surface. Usually a continuous 48-
hour air sample was collected in the Tedlar bag which was then transported to
the laboratory facility for radon content analysis.

Radon analyses were completed at the Eberline Instrument Corporation, in
Albuquerque, New Mexico. Eberline flow thru cells (volume of 0.51 liters),
similar to the radon scintillation flasks described by George (1976), were
used for radon analysis. The cells were counted on the Eberline SAC R-5
counting system for a 100 minute counting period. The minimum detectable
activity (MDA)** achieved for these particular cells and counting system was
0.12 pCi/1. Replicate analysis was also completed at the Environmental
Monitoring and Support Laboratory in Las Vegas (EMSL), as discussed in another
section.

RESULTS AND DISCUSSION

Table 2 summarizes the results of this study. Ambient radon concentrations
ranged from the minimum detectable activity (MDA - also shown as less than or as
< in the following tables) of 0.12 pCi/1 to the highest level observed for 2.7
pCi/1. These summary results are also shown on Figure 1. Basic data for each
sampling location are presented in Appendix A, Tables A-1 to A-11. The lowest
average radon concentration measured (0.42 + 0.14 pCi/1)*** was at the Paguate

* Air Sample Bag made of 0.002 inch (2 mil1) thick Du Pont Tedlar (T.M.) poly
vinyl fluoride (PVF) material; from Environmental Measurements, Inc., San
Francisco, CA.

** MDA was defined as that sample net activity which was equal to the total
counting error term (due to both sample and instrument background) at the
95 percent confidence level.

*** The error term associated with average determinations is two times the
standard deviation of the sample population divided by the square root
of the number of samples.
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TABLE 2. AMBIENT OUTDOOR RADON-222 CONCENTRATIONS (in pCi/])*DURING JUNE 1976
IN THE VICINITY OF THE JACKPILE OPEN PIT MINE, NEW MEXICO

% * Average %
Location, Description Maximum Concentration Minimum Concentration Concentration

01d Laguna-(#1) 1.3 + 0.18 0.20 + 0.10 0.51 + 0.28
Laguna-
Training Bldg. (#2) 1.5 + 0.39 0.14 + 0.07 . 0.51 + 0.29
IHS-Laguna
Health Center 1.6 + 0.19 0.22 + 0.11 0.63 + 0.36
Bibo-Wellhouse 1.4 + 0.29 Less than 0.12 0.50 + 0.23
Mesita-Industrial
Plant (#1) 0.89 + 0.33 0.18 + 0.05 0.47 + 0.31
Mesita-Community
Building (#2) 1.7 + 0.22 Less than 0.12 0.55 + 0.49

— Moquino-Private

© Residence 1.4 + 0.23 Less than 0.12 0.54 + 0.31
Paguate-Community
Building 0.74 + 0.06 Less than 0.12 0.42 + 0.14
Jackpile Mine-
Company Housing Area 1.8 + 0.23 0.25 + 0.10 1.1 + 0.34
Railroad Trestle (#1)
Below Jackpile housing
area 2.1 + 0.26 Less than 0.12 0.99 + 0.54
(Location #2)-0One mile
south of Railroad
Trestle (#1) 2.7 + 0.24 0.44 + 0.05 1.3 + 0.50

* Source of Analyses: Eberline Instrument Corporation, Albuquerque, New Mexico
Result + Two-Sigma Counting Error Terms

** Average Result * Two-Standard Error Terms (i.e., standard deviation of the sample
population divided by the square root of the number of samples)

CONFIDENTIAL POL-EPA01-0000199



Community Building (Table A-8), which is directly west and roughly within two
kilometers of the border of the active open pit mining area. Six other
locations appear to have average ambient radon concentrations which fluctuate
within the two-standard error terms about the Paguate results. Therefore,
these seven locations have been considered as representative background areas
and the ambient radon levels measured at these locations are listed in Table 3.
In summary, ambient radon levels at representative background locations ranged
from less than 0.12 pCi/1 to a maximum measured value of 1.7 pCi/1. The grand
average radon level for the seven background locations was 0.50 +0.033 pCi/l.
For comparison, a background radon level of 0.72 +0.42 pCi/1 (average * two-
standard error of the mean) was observed during November 1975 at five locations

in the Ambrosia Lake area of active uranium mining and milling (Eadie, et al.,
1976).

The remaining four sampling locations showed ambient radon levels in
excess of this typical background level (i.e., greater than 0.50 *0.033 pCi/1).
The Jackpile Housing Area (Table A-9) is obviously in immediate proximity to
the ore body and mining activities. The two sampling stations near the
railroad (Tables A-10 and A-11) showed elevated radon levels possibly due to
ore spillage or the use of mine overburden material along the right-of-way.
Ambient radon levels measured at the IHS-Laguna Health Center (Table A-3)
are only slightly elevated compared to the background iocations and probably
reflect the natural variability of radon emanation from uranium bearing
minerals in the local geologic structure. For comparison purposes, current
federal and state exposure 1imits for radon-222 concentrations are shown in
Table 4.
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TABLE 3. REPRESENTATIVE BACKGROUND RADON LEVELS (pCi/1)
IN THE VICINITY OF THE JACKPILE MINE

Maximum Minimum Average
Location Concentration* Concentration* Concentration**
Paguate 0.74 = 0.06 <0.12 0.42 = 0.14
01d Laguna (#1) 1.3 +0.18 0.20 £ 0.10 0.51 =+ 0.28
Laguna (#2) 1.5 £ 0.39 0.14 + 0.07 0.51 = 0.29
Bibo 1.4 £ 0.29 <0.12 0.50 = 0.23
Mesita (#1) 0.89 + 0.33 0.18 = 0.05 0.47 = 0.31
Mesita (#2) 1.7 £0.22 <0.12 0.55 = 0.47
Moquino 1.4 = 0.23 <0.12 0.54 = 0.31
Highest Lowest

Summary: Maximum 1.7 Minimum <0.12 Average 0.50 *+ 0.033

* Result * Two-Sigma Counting Error; less than shown as <

** Average Result * Two-Standard Errors (i.e., the standard deviation
of the sample population divided by the square root of the number
of samples)

12
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TABLE 4. EXPOSURE LIMITS FOR RADON-222 AND RADON PROGENY*

40 hour 168 hour
Exposure Limits Exposure Limits
Regulation Source (Restricted Area (Unrestricted Area
Annual Average) Annual Average)**
Nuclear Regulatory Commission
(10CFR Part 20) January 29, 30 pCi/1 3 pCi/1
1976 Appendix B (0.33 Working Levels) (0.03 Working Levels)

New Mexico Environmental

Improvement Agency

Regulations for Governing

the Health and Environmental 100 pCi/1 3 pCi/1
Aspects of Radiation

June 16, 1973, Part 4

Appendix A

* Concentrations Above Natural Background )
** Population exposure in unrestricted area may be 1imited to one-third

of these listed values per NRC 10CFR20, Section 20.106 (e) and/or
NMEIA-Part 4-160, para. E.

13

CONFIDENTIAL . POL-EPA01-0000202



INTERLABORATORY COMPARISONS

During this study, radon analyses were completed at both the Eberline
Instrument Corporation and at the U.S. EPA, Environmental Monitoring and
Support Laboratory in Las Vegas, Nevada (EMSL) on 18 different replicate
samples (i.e., two separate sample aliquots drawn from the same Tedlar bag),
as shown in Table 5.

The EMSL technique used a radon concentration apparatus (Johns, 1975)
capable of analyzing a 5-liter sample and counting on a 2-inch diameter
photomultiplier tube using the standard 125-m1 Lucas cell. The Eberline
method employed the 0.51-liter scintillation flask as described above, with no
sample concentration. Therefore, considering only the counting error terms, 10
of the 18 replicates were within the two-sigma counting error terms of each
other (a 56 percent agreement). On the whole, the Eberline results ranged up
to a factor of 6 times the replicate resuits from the EMSL. For radon concentra-
tions less than 0.11 pCi/1, the Eberline analyses averaged about four times
the value as reported by EMSL. For radon levels greater than 0.11 pCi/1, the
Eberline results were less than twice the EMSL determinations. Obviously, the
lower sensitivity of the EMSL radon determinations (due to the larger sample
size) emphasizes the 1imit of the scintillation flasks for completing analysis
at typical background radon concentrations without enrichment of the sample.
Since only six out of the total 99 samples of this study were at a radon
concentration less than 0.12 pCi/1, the reported radon values from Eberline
are probably within a factor of two of the "real" level and therefore, the
Eberiine results reported here have been considered as valid results.

14
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TABLE 5. REPLICATE ANALYSIS BETWEEN TWO LABORATORIES
(Radon * Two-Sigma Counting Error Term,

.018
.028
.022
.033
.025
.019
.033
.020
.024
.010
.020
.029
.026
.043
.035
.029
.055

Eberline* EMSL**
0.26 = 0.10 0.049 = 0
0.20 £ 0.10 0.090 = 0

<0.41 0.090 + O
0.32 £ 0.10 0.18 + 0
0.44 + 0.12 0.071 £ 0

<0.12 0.041 = 0
0.50 £ 0.12 0.18 =+ 0
0.32 £ 0.10 0.065 =+ 0

<0.35 0.090 + 0
0.19 £ 0.13 0.11 =0

<0.12 0.056 + 0O
0.48 = 0.12 0.12 =0
0.36 + 0.10 0.11 =0

<0.34 0.31 =0
0.25 £ 0.10 0.20 * 0
<0.12 0.14 =0
0.82 + 0.06 0.53 + 0
0.84 £ 0.17 0.84 =0

Eberline Instrument Corporation.
Environmental Monitoring and Support Laboratory

.077

5.

LA WREAN=WRNNDO— BN

pCi/1)

3

OO W—WO —=NPOWOWRWOWMNONAIN

Factor***

Less than values shown as <

Factor = Eberline Result ; less than values considered as real numbers

EMSL Result

15
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INDOOR RADON PROGENY LEVELS

SAMPLING SYSTEM AND ANALYTICAL METHODS

The indoor radon progeny levels were measured using a Type II, TLD-Radon
Progeny Integrating Sampling Unit (RPISU) (Schiager, 1971). This sampling
unit uses thermoluminescent dosimeter disks (TLD) to absorb the alpha particle
emissions from the radon progeny collected on a membrane filter through which
the sampled air has passed.

The measurement of stored energy in the exposed TLD disk was obtained
with a Harshaw Model 2000-TLD reader. The reader gave a readout (in nanocoulombs)
which was converted to a working level (WL) value by utilizing a working
level-Titer per nanocoulomb (WL-1/nC) conversion factor which was obtained
through calibration tests in known radon progeny atmospheres. All WL determina-
tions were completed at the Office of Radiation Programs-Las Vegas Facility
(ORP-LVF).

RESULTS AND DISCUSSION

Three Tocations were selected for conducting the indoor radon progeny
level determinations - the Laguna Tribal Building (#2), the Paguate Community
Center, and the Jackpile Housing (#16 House). This study ran for one year
from December 1975 to December 1976 and all sample results (i.e., ambient
values uncorrected for background level) are shown in Tables 6 to 8. Samples
indicated as "NV" are not valid due to some type of operational error associated
with the sample collection. For example, misreading time clock resulted in
negative sample collection time, or having a non-determinabie off flowrate
could not permit the correct sampled volume determination. Hence, such NV
samples were ignored and were not included in the averaging process.

The arithmetic average ambient working Tevel value of 0.0049 + 0.00045
WL (ranging from 0.0017 to 0.0094 WL) obtained at the Laguna Tribal Building

(#2) (Table 6) appears to be a representative background level. For a similar

16
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study conducted in the Grants area of active uranium mining and milling
operations, a mean "background" working level of 0.0069 WL was obtained during

. November 1975 (Eadie et al., 1976). Therefore, for the purposes of this
study, the value of 0.0049 + 0.00045 WL is considered to be the background
working level in the vicinity of the Jackpile Mine.

The arithmetic average ambient working level obtained at the Jackpile
Housing was 0.015 + 0.0025 WL (ranging from 0.0023 to 0.038 WL) (Table 7).
Subtraction of the average representative background value of 0.0049 WL yields
an average net value of 0.010 WL for the Jackpile Housing.

The arithmetic average ambient working level obtained at the Paguate
Community Center was 0.035 + 0.0038 WL (ranging from 0.0082 to 0.073 WL)
(Table 8). Subtraction of the average representative background value of
0.0049 WL yields an average net value of 0.030 WL for the Paguate Community
Center. These relatively high working levels appear to be caused by the
build-up of radon progeny due to the exhalation from the natural radium content
of the dirt floor and adobe block walls. Samples of the dirt floor material
averaged 0.90 + 0.18 pCi of radium-226 per gram. Soil samples outside this
structure also had a similar radium content of 1.1 + 0.19 pCi/g. Unfortunately,
a sample of the adobe block could not be obtained for analysis of radium
content. Also, high equilibrium concentrations of radon progeny would be
expected for this structure since it was seldom occupied and had rather poor
natural ventilation. For the period 6/8 to 6/30/76, the average ambient
outdoor radon concentration measured at the Paguate Community Building was
0.42 pCi/1 (Table A-8). At 100% equilibrium with its daughters, and assuming
that the indoor level was equal to and due solely to this measured outdoor
radon level, a maximum working level of only 0.0042 WL would be expected.
However, for essentially the same time period (i.e., 6/4 to 7/2/76), the
measured indoor working level averaged 0.033 WL (Table 8) - - over seven times
greater than could be explained on the basis of the outdoor radon concentratjon.
Therefore, since the measured indoor working levels cannot be substantiated by
the observed outdoor radon levels, the build-up of radon progeny levels must
be attributable to the radium content of the dirt floor and adobe block wall
construction versus radon releases from nearby mining activities.

17
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TABLE 6. AMBIENT INDOOR RADON PROGENY LEVELS AT LAGUNA TRIBAL BUILDING

DATE DATE  CORRECTED SAMPLING  AMBIENT DATE DATE CORRECTED SAMPLING  AMBIENT

START FINISH VOLUME TIME WORKING START FINISH VOLUME TIME WORKING
(liters) {hours) LEVEL (liters) {hours) LEVEL
(wL)* . (wL)*
Lervesis (VAR VAL ¢2 e 1595 006171 057247174 (T TYAL 2ovl2 170en 0006 3)
1271171 12718/ 1> cdlu? 159061 “0udln 0670/ 1k ue/li/sTo 20220 165.¢ .0u3o]
1271977 12709715 XYk cbusn «0V541] 06711710 vh/18/176 2u217 16K 2004k )
Yesearin ulsu2/ 10 [RTYA} 10Ue> +00333 [CYATYZLY us/25/76 10645 Tuen «» 00594
0ysuesin [AYOXFAL 25¢0 2341 00S2H 06725718 v7/u2/T6 201617 1559 « 00640
DRVATR VA TN YAV TAL 18969 e 0unla 02/0¢/1n 0170977k I1:L} el «00525
0lstersin HYALYal) 10337 CTA NI 01709714 Y AYLYAL) Jul9 210 #0003k
[IYATYALS ulzedsie 24UVA 1719 00622 Q17187174 v1/23/176 2331 LN 0037
Lisesste vlz 50774 29030 1ol oMUl Qlrse s ul/s30/776 490 Jled «09314
01/73us1n PP AT YALY 22916 lhhod 200637 Ul73u/1n uH/u6/Tn Tlce Shel «0N%62
0A700/ 10 L uPr13/16 21 e Jovel 005137 ou/insin uR/s20/16 ELITY:) coled 00627
0271371k v2/20/ 1+ bSus? Suee «00343 LV R UYL uds03/7H (LY ] el «002064
02/72u/14 u2/er/6 23062 179.¢ 00386 0N/03/7 16 vY/10/7k 2234} [T « 0059«
5 02721714 U /05/ 70 PARTY 1ohee 00311 [[CYATVALY us/LT/T% 11405 laliou «00AH2
03705714 [RYZR VAL [CELE] 15,4 «00386 09/1171n u9/2asTs 21940 I16vev 00673
03713716 [(RYALVA 1 103¢1 Yiets « 00400 VY/72u/ 1k 19/vl/76 12uey Yy «00610
0371471k "RILLYRL 123 nets 00169 10/70L/77n 10/0R/ 76 LU 3.y 00838
Ousnizia wa/08/ 74 5169 33eY 00531 10704714 1u/1s5/77¢ IR LY 16Me1 «00THY
[ OYZETR Y Ue/19/16 YEY L) 2ulatr 00621 10715778 10762716 25842 16,7 «006H 1
06s1Y/ 14 vas23/ 16 lleb2 540 M URLL] V0727 1k 11708776 40767 Culel +0093#
Va/23/1n V6’30770 Jlvoh lehey «00377 11707106 11712776 [ KT Suen e 0USLy
04/730/1A usS/Z07/76 6¢b6 Ilen =«011U2 NV-4 (N YAYZALY 11722710 esuiy 19447 s 00&un
09701714 US/21/714 Sdi6 Jlea 002614 W/72¢/ 1k 117297171 »e0 KPR 00437
05721714 uS/¢R/TH 2IRLY lalel «00SL1 V1720718 12703714 ELTRR] el el 0V Yo
(YZLRIAL 1271071 2utH lvew . 09549

Total number of samples =48 from 12/4/75 to 12/10/78
Average Working Level 00049 £0.00046WL
Range of 0.0017 to 0.0084WL

* Value calculated by computer but should be
rounded to two significant digits.

NV=not valid aampla
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TABLE 7. AMBIENT INDOOR RADON PROGENY LEVELS AT JACKPILE HOUSING (#16 HOUSE)
DATE DATE CORRECTED SAMPLING  AMBIENT DATE DATE CORRECTED SAMPLING  AMBIENT
START FINISH VOLUME TIME WORKING START FINISH VOLUME TIME WORKING
(liters) (hours) LEVEL (liters) (hours) LEVEL
(WL)* (wL)*
12704718 IYZARVAL KEETTY 169en «N2260 05721714 uh/28774 2bo6b7 let ey 01037
IYZARYAL] 12719775 12054 THed « 015K 097207 1k UA/U4/Tn 2hnle 164+ 00722
IR NTALY 1P/7°9/175 Jandae culaee +0t813 06/04/16 ve/ZL1/776 294916 179en «0UVALS
V2/7¢97 1 ulZup/716 tuule tov.u « 01667 06711775 ue/18/76 241703 16643 200392
0l/ves s ulszies1n w12 11en +01950 06/14/716 VR/ES/Th 2llny 167.> «005%6
0L/i271n ul/16/7n 0 oy wooNY=2 0h/20/ 15 v1/0271k 133¢7 1édhew «0unle
0lz1~s16 wl/ze3/170 23n69 LT0ed «02517y 02702714 w?/709/17% 3348 el «0N09>  wv=2
ui/zess1a w17 i071F 25238 lote/ «N213lh 07709714 Y IANYAL) 10394 Yoe¢ 00812
0173us15 ylsue/s e 2uldl l6beu N PEEL N VAV IS ui/edrsin 5134 Yhen 00913
02700/ 1A v2/s13717¢ PELTYY 1b9e <0143 DasinstA uy4a/si1/s70 2Juty 1674 «NNgo4
0esls3/1s ue/s 0/ 1749 25 NILYE] (ST WFELN uY/cus16 30436 I6er 01064
ve/sevsin ve/sersin 1012 Tcen «0191> UI/72w/14 10701 /7¢ 21285 l6/a4 0092
0esetsin [ RYALL VAL z2194 164en «01bln losulzits 1070R774 P2 1] loned PN
‘03/un/ 1Ak uil/ziaszie ¢0185 lave] «0210¢ 1a/70n7170 1025771~ I-BEX Into! 01652
03713/176 uszZ19/1n Slla SUen 002299 l/lo7174 wrse2sitn 29usl 11ves «0lals
V3719715 vi/re/ln ¢long lovaes 01151 lus29/14 11705/10 Jlareg 1isels 01949
03721716 Ue/u2/sin FLL fel .00°32 11705714 11716710 2rl7 17eu «03717V
06/07/16 Va/09/ 170 un 2el «00271 nNv=2 [SWARYELN 11772710 91K Hoef «NORYU
Ua/09/ 14 va/i8/74 2n57 2Usu «01201 Vizecrsin V172097175 S ORI -55.1 -~ 00138  HV=h
U4/s3u/14% ub/nNls1e 1bud2 92.¢ «0i7o4 [N YERTALY VLRV ER) I>7/91 Yiew 03054
Os/701714 uS/Z1i5/717n 23905 1eled «01092 170371k YA TAR) ¢Auo5 I3~ LTS
05711710 YR VIS 17097 Yl s .01020 Total number of samples= 39 from 12/4/75 to 12/10/76

Average Working Leve! 0.015 +0.0025WL
Range of 0.0023 to 0 038WL

* Value calculated by computer but should be
rounded to two significant digits.

NV=not valid sample
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TABLE 8. AMBIENT INDOOR RADON PROGENY LEVELS AT PAGUATE COMMUNITY BUILDING

DATE DATE ~ CORRECTED SAMPLING  AMBIENT DATE DATE  CORRECTED SAMPLING  AMBIENT

START FINISH  VOLUME  TIME WORKING START FINISH  VOLUME  TIME WORKING
{iters) thours) L(Sv\(_E)L {liters) Mours) LEVEL
(wL)

1270471 127211715 2294} loYer «0n991) 0K/Qs/ th ULYR R VAL ¢Tu0s 171a1} 0367
12711715 1271871 19 164 Laver 06391 06/11/774 uh/lasre 19677 12500 «02922
12710714 127¢9/71% il Jaets 09256 (YA LY AT UK/E5/7T6 29425 16v.) 014211
Vere471s vlzeaszin 862 hey «01204 06723/ 1% uTIU2778 22944 157.n 037}
01702710 ulzi2/714 KIS 2941 - LLOYY Q1/02/ 10 ur/09/70 124086 Y Pen «0u42uu
Q171271 AR LIE L lusg Vet «0 1514 07709/ tn v1/1l6/16 15591 Yoe R RIET
OizinsTh uiseisrte sl Mol «04a2s51 017inste Ur/2371n 11957 Y93 s0oal?
01723714 ul/zJ0/760 nis? bUed «05336 021723/ 1A u1/30/16 7215 LYZR} «0265]
01730715 © u2/36/ T 931 4ol «01598 07730714 VAZUG/TH c¢uend 164.2 «03398
02700710 [PIARYEL] PLY T9eh 04532 Uh/70n7 16 LYZ VAL 13iv6 Ylaa 01622
02713714 ul/se0s 1k nYl Sl «03665 0713718 uAz2oste 22040 13hen 02199
02/72u/ s w2/P1/76 132io L0nes «04750 0H/20/ 0n uns21/18 why7 26.n 02732
02721714 TRV R VR LY 1212 1le} «0ul04 L VFIVETS uY/03/176 12113 Tlen «0) 730
N 03/03/7n wI20S/776 a1l S2e9 «N2363 V90977 uezigs7e 1wl 107.% +03009
= 03709718 vIzZ13/70 14520 11943 02204 09/ s ln U9s17/18 2Tuan 1%4e¢ «03024
03714714 vIz19/16 871% Taol URLEX] [ ST WFETN Y eTYA T 17003 13/en 06290
[ RVARTALY uY/’e/l0 1701 154} «034621 V9267 N /01716 [ELL) 1ot 04301
RYZEYRLY Va/N2/16 15752 154.4 «03899 /01714 107087170 [RLEY 12ae « 036K
04/0c/ 10 vazi2/le 13«28 1191 «04]3> W0/2047 14 10/715/76 16313 13len «01264
Guslersie veszi9/ 1o Ju 39 3leo 02898 tuzin/ia L0s82710 [ELY) 19.¢ 02827
04/1471n 0a/e3/176 [E3Y] [P 0379 Vureesin 10729774 ¢3zbn 167ec «0309n
Qu/2 s ua/30/176 19«06) 16749 «0356H toseizin L1707 0% 19197 Then «052n13
04/3u/1h usZ07/76 12250 11dee «0 1388 11703/ 1% 11/16/10 IR LY Vitey 0199
057017156 U5/16/T6 «is? 330 «N09YH IS ALY L12e2/ 1 celuy laten «01h1S
05721716 v5/28/10 18ubs lane> 0638y 117277 1% 11779710 nos wal 0042/
09728716 V6704776 2eu87 l6den «0 1559 11724/ 1n 12/13/1n 140 lsu «0uB/Y Nv=2

12703718 i2710/70 1 Touy li3be~ «02155

Total number of samples 52 from 12/4/75 to 12/10/78
Average Working Leve! 0.035 +0.0038WL
Range of 0.0082 to 0 073WL

* Value calcuted by computer but should be
rounded to two significant digits.

NV=not valid sample
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Figure 2 shows a plot of the ambient working level values obtained for
these three sampling locations. This graphic display provides some evidence
. of the seasonal variation in indoor radon progeny levels, with the winter
months exhibiting higher working levels than the summer months. This feature
was probably the result of higher radon progeny equilibrium concentrations due
to poor ventilation rates in the winter when the doors and windows were usually
closed.

RADON AND PROGENY EQUILIBRIUM RATIOS

Assuming that the indoor radon concentration would be equal to the measured
ambient outdoor level, the percent equilibrium of radon and jts progeny may be
calculated. These results are shown in Table 9. The 96 percent equilibrium
calculated for results at 01d Laguna (#1) indicates a rather high value but is
not too unreasonable since the structure was seldom used and was unoccupied
during most of the study period. The other two equilibrium values exceed 100
percent and signify that it is erroneous to assume that the indoor radon
levels are equal to the measured outdoor concentrations. It should be noted
that the radon levels were obtained during June; whereas, the working level
determinations were averaged for an entire year. Therefore, the yearly average
indoor radon levels are probably in excess of the reported 1.1 and 0.42 pCi/1
for these two Tocations. These high equilibrium values provide further
incentive to conduct monitoring over longer time periods in order to determine
the seasonal variability of ambient radon concentrations and its effect on
indoor radon progeny levels.

TABLE 9. RADON AND PROGENY EQUILIBRIUM INDICATIONS

Average Ambient Yearly (1976)
Qutdoor Radon Average Indoor
During June 1976 Radon Progeny Percent
Location %pCi/]) (Working Level) Equilibrium*
Laguna (#2) 0.51 + 0.29 0.0049 96
Jackpile Housing 1.1 +£0.34 0.015 136
Paguate 0.42 + 0.14 0.035 833

*Percent equilibrium equals the working Tevel value divided by the ambient
radon concentration divided by 100 pCi/1; since, one working level 1is equivalent
to 100% equilibrium of 100 pCi/1 radon and its progeny.

. 21,
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Figure 2. Ambient indoor radon progeny working levels during 1976
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REGULATIONS AND GUIDELINES

Current Nuclear Regulatory Commission regulations (January, 1976) limit
- radon progeny levels to 0.03 working levels (above natural background) for
continuous exposure in unrestricted areas (Table 4). Another guideline for
continuous exposure to indoor radon progeny concentrations was established by
the U.S. Surgeon General in 1970. These guides were promulgated as a result
of the health hazard evaluation of the use of uranium mill tailings material
for construction purposes. These guides provide remedial action recommendations
for three ranges of working level values above natural background. In summary,
for locations with WL values less than 0.01 WL, no remedial action is recommended.
For sites exceeding 0.05 WL, remedial action to reduce WL exposure is indicated.
For the range 0.01 to 0.05 WL, the need for any remedial action may be suggested
after due consideration of all exposure routes and cost estimates of remedial
action alternatives. These Surgeon General Guidelines have effectively been
applied to the Grand Junction, Colorado remedial action program for structures
incorporating tailings material. The natural background WL value for the
Grand Junction area was determined to be 0.004 WL (Joint Committee on Atomic
Energy, 1971).
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LOG-PROBABILITY DISTRIBUTION OF INDOOR RADON PROGENY LEVELS

The following discussion is offered as a simple approach for comparison
of data collected at the various sampling locations. Although it is recognized
that the data may represent more than one distribution superimposed upon
another, the plotted lines represent the best least squares fit of all data
points for an exponential function (Brownlee, 1965). Figures 3, 4 and 5 are
log-normal probability plots of the observed ambjent jndoor radon progeny
levels, expressed as working levels (WL), for Laguna, Jackpile Housing and
Paguate. The geometric mean (75) is given by the fiftieth cumulative percent
intercept. The geometric standard deviation (Sg) is indicated by the slope of
the line and is usually calculated by dividing the working Tevel value at the
84 percentile by the working level value at the 50 percentile.

The goodness of fit of the data points on these log-probabiljty plots, as
illustrated by Figures 3, 4 and 5, provides an indication that the measured
indoor working levels can generally be described by the log-normal distribution.
Also shown on the plots are the respective arithmetic averages (X), taken from
Tables 6, 7, and 8. Obviously, the best estimate of the annual average would
be a time or volume weighted arithmetic average of samples collected on a
continuous basis over the annual cycle; however, the collection of such samples
is often difficult to achieve due to equipment or operator shortcomings.
However, the arithmetic average can be estimated from the parameters of the
log-normal distribution by the equation:

X = X e(ln 59)2/2

g
For example, from Figure 3, using Yé = 0.0051 WL and Sg 1.35 (all data), the
estimated arithmetic average (X') was calculated to be 0.0051 WL - - essentially
identical to the geometric mean value. Similarly, from the log-normal parameters
obtained from Figures 4 and 5, the estimated arithmetic averages (X') were
calculated to be 0.019 WL and 0.040 WL, respectively. Therefore, the highest
relative error between the arithmetic average (X) versus the estimated average
obtained from the log-normal parameters (X') was 27 percent for the data from
Jackpile Housing (Figure 4).

24
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In order to test the adequacy of conducting less frequent sampling to

estimate the annual average indoor radon progeny level, data obtained during

. this study for the first week of each even numbered month, and also for each
odd numbered month, was also plotted for each sampling location. (As shown in
Figure 2, there appears to be some seasonal variability of indoor working
levels, hence the proposed sampling scheme covering every-other month over a
one year period should eliminate this possible sampling bias.) On the plots,
the geometric mean and standard deviations are shown with sub-scripts "ge" for
the even number months and similarly, "go" for the odd months. As an example,
from Figure 3, the arithmetic average (X) working Tevel at Laguna was 0.0049
WL. The geometric mean (Yé) obtained from the best-fit curve of all data was
0.0051 WL. The geometric mean for the first week data of even numbered months
(Xée) was 0.0054 WL, and similarly, 750 was 0.0047 WL. Estimates of the
annual average based on the log-normal parameters for the even and odd month
sampling scheme resulted in relative errors of 16 and 1.5 percent for the
Laguna data (Figure 3).

Similar statistical analysis of the data obtained at Jackpile Housing and
Paguate indicate a relative error of less than 24 percent for conducting one
week sampling for every-other month. Based on this limited data, it would
appear that to be cost effective and to maximize equipment and manpower
utilization, completion of a one week sampling period using the RPISU sampler
for every other month over at least a year's duration would provide sufficient
data to plot a log-probability distribution from which the annual average
indoor radon progeny level could be reasonably estimated from the log-normal
parameters.
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AIRBORNE PARTICULATE SAMPLING

SYSTEM DESCRIPTION

Air particulate sampling was conducted using a heavy-duty air sampler*.
This sampler has a carbon-vane pump with a 10.5 cubic feet per minute (CFM)
free flow capacity. The pump was driven through a V-belt system by a 110-
volt, 3/4-hp motor equipped with thermal overload protection. Each unit had
a built-in vacuum gauge, and was calibrated to provide a calibration curve of
air flow rate versus pressure drop. A running time meter, with readout to
tenths of an hour, measured the total sampling time and could be reset to zero
for each new sampling period. The air volume collected was determined from
the calibration curve by averaging the "on" and "off" air flow rates and
multiplying this average by the total time of sample collection. A quick
change filter holder was mounted at one meter above the ground surface and was
secured such that the open face of the (four-inch diameter) filter was toward
the ground. For this study, Microsorban filters were used.

GROSS VERSUS NET RESULTS

Eadie and Bernhardt (1976) have reported that radiochemical analyses of
blank (i.e., unused) four-inch diameter Microsorban filters indicate some low-
level content of naturally-occurring radioactivity. Such activity may be due
to the composition of the filter media itself, or due to contaminants in
reagents, glassware, or other analytical equipment. The analytical sensitivity
of the radiochemical techniques may also mask the identification of the true
source of such Tow levels of radioactivity.

Table 10 presents data on the radioactivity content of blank Microsorban
filters which were used for this study. In order to account for this radjoactivity
content associated with blank filter analyses, the appropriate blank filter
activity (Table 10) has been subtracted from the measured gross analytical

*Heavy-Duty Air Sampler, Research Appliance Corporation, Allison Park, PA;
or Tempest Air Sampler, Gelman Instrument Corporation, Ann Arbor, MI.
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TABLE 10. MICROSORBAN FILTER RADIOACTIVITY CONTENT (M
{(pCi/filter + two-sigma counting error terms}

Radium-226  Thorium-230 Thorium-232 Uranium-234 Uran1um-235(2) Uranium-238 Radium-228 Polonium-210 Lead-210

. 0.18 + .07 <0.015 <0.012 0.024 + ,015 0.003 + .001 0.067 + .023 0.73 + .62 0.22 + .09 <0.071
0.15 + .07 <0.030 <0.027 0.016 + .012 <0, 0004 <0.009 <0.67 0.16 + .09 <2.95
0.06 + .05 <0.032 0.047 + .038 <0.010 <0.0003 <0.008 <0.68 0.24 + .09 1.21 £+ .75
0.05 + .05 <0.022 <0.016 0.015 + .013 <0,0004 <0.009 <0.62 0.19 + .06 <0.50
0.19 + .08 <0.021 <0.011 0.018 + .013 <0, 0006 0.018 + .012 <0.60 0.39 + .08 1.75 + .42
Average (3)
0.13 + .08 <0.024 <0.023 0.017 + .006 <0.0009 <0.,022 <0.66 0.?4 + 11 <1.30

0¢

(

1). Average four-inch diameter Microsorban filter mass + two standard deviations of 1.0960 + 0.1510 grams; four filter composite analyzed.
2). U-235 calculated based on natural U-235 to U-238 activity ratio of 1:21.45 (or 0.0466).
3). Grand average of all results with standard error about this mean based on the t-distribution at the 95 percent confidence level.
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result to obtain an "adjusted gross" result. Only blank radjoactiyity contents
for isotopic uranium and radium-226 were subtracted from the gross analytical
- result to obtain the reported values. The reported jsotopic thorijum values
are gross analytical results. Although air samples were also analyzed for
polonium-210, lead-210 and radium-228 contents, subsequent evaluation of the
analytical procedures uncovered technical problems and hence, these particular
analytical results have not been reported.

RESULTS AND DISCUSSION

Air sampling was conducted at five locations - - Jackpile Housing, Paguate,
Bibo, Mesita, and 01d Laguna. The radioactivity concentrations of the naturally-
occurring radionuclides are usually expressed as picocuries per cubic meter of
ambient air (pCi/m?). Dust loading of the air filter samples was also determined
and the specific activity of the dust, expressed as pCi/g, is also given. The
solubility of airborne particulate matter was not determined for this study.

The composited monthly ambient air sampling results (in pCi/m3) are
presented in Tables B-1 to B-5. These data reporting considerations are
discussed in Eadie and Bernhardt (1976). Tables C-1 to C-5 contain the summary
results of dust loading determinations (in pCi/g) for these same samples.
Appendices D and E contain the individual adjusted ambient air sampling results
in units of pCi/m?® and pCi/g, respectively. An appropriate "normal background”
value has not been subtracted from any of these reported results. Tables 11
and 12 summarize the annual average ambient air sampling radiological results
in units of pCi/m® and pCi/g respectively, for the five locations of this
study. Also shown in Table 11 are background concentrations as reported in
NCRP, 1975. Comparison of these values to results from this study indicates
that the airborne concentrations measured at 01d Laguna appear to be at typical
background levels. (This result is consistent with the observed background
levels of radon and progeny which were discussed above.)

Figures 6, 7 and 8 also show the monthly average airborne concentrations
(in pCi/m®) of radium-226, total uranium and thorjum-230 measured at these

sampling locations for the year 1976. Comparison of these graphs jndicates a
seasonal variability specific to each location but having no common cycle for
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all the locations. For example, at Mesita (Table B-4), the radium-226 airborne
concentration ranged up to a factor of 17 between the minimum measured in

August and the maximum measured in July. Similar comparison of results obtained
at Bibo (Table B-3) result in only a factor of 6 between the minjmum value
measured in January and the maximum in June. Such incongruities with respect to
month of maximum or minimum airborne concentrations may be a reflection of the
level of industrial activity in that particular area or perhaps, a change in
meteorological conditions. Such a situation provides further support for the
need for long-term sampling schemes per specific site to evaluate the impact

of the seasonal variability of airborne radioactivity.
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Jackpile Housing

Paguate

Bibo

Mesita

01d Laguna

NCRP-45 Background**

Radium-226

0.0024 ¢
0.00086

0.0012 =
.00042

.0002 ¢
. 000051
.00021

.00016 +

0

0

0

0
0.00034 =
0

0
0.000081
0

. 0001

TABLE 11. VOLUME WEIGHTED ANNUAL AVERAGE AMBIENT AIRBORNE RADIONUCLIDE
CONCENTRATIONS* + STANDARD ERROR AT THE 95% CONFIDENCE

LEVEL (IN pCi/m3)

Uranium-234

.0027
. 00065

.0012
. 00041

0

0

0

0
0.00038
0.00019
0.0003
0.00012
0
0
0

.00025

.0con
.00012

+

Uranium-235

0.00011
0.000029

0.000047
0.000015

I+

H

0.0000077
0.0000032

1+

0.000013
0.0000051

"+

0.000009)
0.0000043

I+

0.0600056

~238

Uranium

0.0027
0.00063

0.0012
0.00039

0.00037
0.00019

0.0003
0.00012

0.00026
0.00011

0.00012

k4

* Sampling period from December 1975 to December 1976; volume weighted average per Eadie and Bernhardt (1976)

** NCRP, 1975

Jackpile Housing
Paguate

8ibo

Mesita

01d Laguna

*  Sampling period

Radium-226

70 21

13 + 4.9

4.6 x 1,

+

7

3.4 2.2

3.0 1

.5

TABLE 12. MASS WEIGHTED ANNUAL AVERAGE AMBIENT AIRBORNE RADIONUCLIDE
CONCENTRATIONS* + STANDARD ERROR AT THE 95% CONFIDENCE

LEVEL (IN pCi/g)

Uranium-234

78 =
13 2
8.9 ¢+
2.8 ¢
4.6 ¢

9.1
4.5
5.8
1.1
2.3

Uranium-235
3.0 * 0.46
0.50 + 0.17

+

0.17 + 0.10

+

0.22 + 0.24
0.16 + 0.095

-238

Uranium

76 ¢
13 =
8,7 ¢
2.8 :
4.6 ¢

9.3
4.4
5.8
1.0
2.5

from December 1975 to December 1976; mass weighted average per Eadie and Bernhardt (1976)

Thorium-230 Thorium-232
0.0028 2 0.000042 =
0.0022 . 0.000018
0.0011 2 0.00012
0.00039 0.000047
0.0003 0.000055 *
0.00016 0.000026
0.00018 = 0.000077 +
0.000079 0.000036
0.000081 ¢ 0.000024 =
0.000039 0.000017
0. 000045 0.00003
80 61 1.2 +12
12 + 5.4 1.3 + 0.29
7.0+ 4.6 1.3 ¢+ 0.74
2.0+ 1.1 0.71 + 0.35
1.5+ 1.2 0.44 + 0.37
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RADIUM-226 AIRBORNE CONCENTRATIONS (pCi/m?)
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Figure 6. Average monthly airborne radium-226 concentration (pCi/m?)
for locations in the vicinity of the Jackpile Open Pit
Uranium Mine
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TOTAL URANIUM AIRBORNE CONCENTRATION (pCi/m3)
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THORIUM-230 AIRBORNE CONCENTRATION (pCi/m3)
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LOG-PROBABILITY DISTRIBUTION OF AMBIENT AIRBORNE PARTICULATE RADIOACTIVITY

Log-normal probability plots of the composited monthly ambient radioactivity
concentrations for the five sites for radium-226, total uranium and thorium-
230 are shown in Figures 9, 10 and 11, respectively. The plotted lines
represent the best least squares fit of all data points for an exponential
function (Brownlee, 1965). The visual inspection of these log-probability
plots provides an indication that the measured ambient airborne radioactivity
concentrations can generally be described by the log-normal distribution.

Table 13 shows the comparison between the arithmetic average (7&), the volume
weighted arithmetic average (Yﬁ)’ the geometric mean (Yé), and the estimated
average based on the log-normal parameters (X') for each sampling site.

Except for the total uranium results at Mesita, X, was always less than Y@
(Table 13). This feature of the geometric mean is probably due to the equal
weighting of all data points when obtaining the log-probability plots; whereas,
the volume weighted arithmetic average takes into account the sample size and
gives more "weight" to the larger samples. Also, the larger samples result in
more accurate analytical determinations since there is more radioactivity to
measure and consequently, better counting statistics are obtained as compared
to analytical results from smaller samples. Obviously, simple arithmetic
averaging (i.e., without weighting factors) also does not consider sample size
and provides equal weight for each sample. It would therefore seem appropriate
to choose the volume weighted arithmetic average as the best estimate of the
annual average airborne radioactivity concentration. Considering the volume
weighted arithmetic average (7@) as the best estimate of the annual average
airborne radioactivity concentration, the highest relative error associated
with estimating the average based on the log-normal parameters was 89 percent
for the thorium-230 results at Mesita. Except for the total uranium data
obtained at Mesita, the relative error between the Y@ versus the X' was much
less than 15 percent - - providing further support that it is reasonable to
assume a log-normal distribution for the airborne particulate radioactivity
and that annual averages may be reasonably estimated based on the log-normal

parameters.
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Figure 9. Log-probability plot of the composited monthly ambient
radium-226 radioactivity concentrations for the five locations
in the vicinity of the Jackpile Open Pit Uranium Mine
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Figure 10. Log-probability plot of the composited monthly ambient

total uranium radioactivity concentrations for the five

locations in the vicinity of the Jackpile Open Pit

Uranium Mine
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Jackpile Housing
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CONFIDENTIAL

TABLE 13. COMPARISON OF MEANS (IN pCi/m?®)

Radium-226
X W X + ) g
a W g a

>
*

x|
*

0.0026 0.0024 0.0022 0.0027 0.0058
0.0013 0.0012 0.00095 0.0013 0.0026
0.00019 0.0002 0.00016 0.00018 0.0008
0.00037 0.00034 0.00027 0.00034 0.00064
0.00017 0.00016 0.00013 0.00017 0.00058
Arithmetic average (Tables B-1 to B-5)
Volume weighted arithmetic average (Eadie and Bernhardt, 1976)

Geometric mean from log-probability plots {Figures 9 to 11)
Estimated average base on log-normal parameters

Total Uranium
xi'ﬂ

0.0055
0.0025
0.00075
0.00061
0.00052

X +
Xg

0.0053
0.0023
0.00062
0.00065
0.00042

X+t

0.0058
0.0026
0.00076
0.00098
0.00059

7;'

0.0030
0.0011
0.00032
0.00018

0.000085

X +
Xg

0.0016

0.00096
0.00022
0.00015
0.00006

X'+

0.0031
0.0011
0.00036
0.00034
0.00009
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DOSE ESTIMATES

Listed in Table 14 are the dose conversion factors for each radionuclide
measured in this study. (The doses due to polonijum-210 and Tead-210 have not
been estimated since these radionuclides were not evaluated for this study.)
This factor represents the average annual dose equivalent in rems for each
year of chronic inhalation at a concentration of 1 pCi/m3. Dose estimates
have been maximized by assuming that the indoor concentration of radioactive
materials would be the same as the levels measured outdoors during this study.
The highest total dose of 38 millirem was calculated for an individual exposed
to the annual average ambient radionuclide concentrations measured outdoors at
the Jackpile Housing (assuming continuous exposure for the entire year at the
volume weighted arithmetic average value reported in Table B-1). Similarly, a
total dose of 2.7 millirem was calculated for an individual exposed to the
annual average ambient radionuclide concentrations measured outdoors at 0ld
Laguna - - the location having the lowest measured ambient airborne concentrations
of this study. Therefore, considering 01d Laguna as representative of "background"
conditions, the additional dose to an individual (above background) at Jackpile
Housing would be about 35 millirem for each year of exposure to the airborne
radionuclide concentrations measured during this study. For comparison
purposes the dose estimates for typical background concentrations of naturally
occurring radioactive materials as reported for New York City and Argonne
National Laboratory (NCRP, 1975) are also tabulated in Table 14.
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TABLE 14. AVERAGE ANNUAL LUNG DOSE (MREM/YEAR) FOR INSOLUBLE RADIONUCLIDES

Dose Argonne National
Conversion Jackpile New York City Laboratory
Isotope Factor* Housing Paguate Bibo Mesita 01d Laguna (NCRP, 1975) (NCRP, 1975)
U-234 3.7 10 4.4 1.4 1.1 0.93 0.93 0.44
U-235 3.4 0.34 0.16 0.024 0.044 0.031 0.04 0.023
U-238 3.2 8.6 3.8 1.2 0.96 0.83 0.80 0.38
Th-230 3.4 9.5 3.7 1.0 0.61 0.28 No data 0.15
Th-232 3.0 0.13 0.36 0.15 0.21 0.072 No data 0.09
2 Ra-226 3.7 8.9 4.4 0.74 1.3 0.59 0.37 No data

(no radon+)
Total Dose (mrem/year) 38 17 4.5 4.2 2.7 1.4 1.1

* Rem per year for continuous inhalation of 1 pCi/m3 for particles of 1.0um AMAD; using a quality factor for
alpha of 10, and a pulmonary lung mass of 480 grams (U.S. EPA, 1973; Mills, 1976; Sullivan, 1977)

+ It has been assumed that radon-222 and its progeny escape from the aerosol particle and that the only dose
is due to radium-226
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RADIOACTIVITY IN FOOD

During the course of this study, some concern was expressed about the
possible ingestion of radioactive materials due to their uptake by food grown
in the local area. Only samples of cucumbers and onions were obtained and the
results of radiochemical analyses of these food are shown in Table 15. Unfor-
tunately, samples of meat from animals which grazed on areas close to the
mining activities were not avajlable.

Previously reported analyses of vegetables indicated a radium-226 content
of less than 0.002 pCi/g (Hallden et al., 1963). Welford and Baird (1967)
reported a total uranium content for vegetables of roughly 0.00053 pCi/g. The
radioactive content of the cucumbers from this study are essentially comparable
to these reported "typical background" values with the exception of radium-
226, the results for the onions are several orders of magnitude greater than
the cucumber results. The fairly high radium-226 content of the cucumbers or
the relatively high thorium-232 content of the onions cannot be resolved
without additional sampling and further analyses. In any event, the results
reported here for cucumbers and onions may be indicative of increased plant
uptake from elevated radioactivity in the soil and/or plant foliage adsorption
of airborne radioactive materials. Such a possibly significant exposure
pathway should not be ignored in future studies of the radiological impact of
uranium mining and milling activities.
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TABLE 15. RADIOQACTIVITY IN FOOD
(CONCENTRATION % TWO-SIGMA
COUNTING ERROR, IN pCi/g)

Radionuclide Cucumber Onion
Radium-226 0.11 + 0.011 0.047 £ 0.0083
Uranium-234 0.00018 + 0.000032 0.026 + 0.002
Uranium-235 Less than 0.000011 0.0011+ 0.00034
Uranium-238 0.00013 + 0.000027 0.027 + 0.0021
Thorium-230 0.0032 + 0.00049 0.035 + 0.0052
Thorium-232 0.00042 = 0.000091 0.039 + 0.0057
- 45
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APPENDIX A
Ambient Qutdoor Radon-222 Concentrations
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6/15/76 to 6/30/76
(8 Samples)

TABLE A-1. OLD LAGUNA-(#1)
Date/Time Radon Concentratjon*

On off +two-sjgma counting error term, pCi/l
6/15/76 6/16/76 0.37 + 0.12

1500 1340
6/16/76 6/18/76 0.23 + 0.06

1340 0850
6/18/76 6/20/76 0.59 + 0.16

0850 0935
6/20/76 6/22/76 1.3 =+ 0.18

0935 0855
6/22/76 6/24/76 0.26 + 0.10

0855 0855 (0.049 £ 0.0719)**
6/24/76 6/26/76 0.23 = 0.10

0855 0855
6/26/76 6/28/76 0.20 + 0.10

0900 0900 (0.090 = 0.028)**
6/28/76 6/30/76 0.84 =+ 0.16

0900 0930
Summary

Range: 0.20 + 0.10 to 1.3,+ 0.18
Average + Two-Standard Error = 0.51 = 0.28

* Eberline Instrument Corp. determination

** EMSL determination

4+ The standard error is defined as the standard deviation of the
sample population divided by the square root of the number of samples
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TABLE A-2. LAGUNA-TRAINING BUILDING (#2)
Date/Time Radon Concentration*
On Off +two-sigma counting error term, pCi/l

6/8/76 6/10/76 1.5 £ 0.39

1420 1404
6/10/76 6/12/76 0.85 =+ 0.34

1406 1218
6/12/76 6/14/76 Less than 0.4]

1220 1010 (0.090 = 0.022)**
6/14/76 6/16/76 0.50 + 0.06

1011 0935
6/16/76 6/18/70 0.14 =+ 0.07

0935 1240
6/18/76 6/20/76 0.32 + 0.10

1240 1205 (0.18 + 0.033)**
6/20/76 6/22/76 0.18 + 0.18

1205 1215
6/22/76 6/24/76 0.47 + 0.13

1215 1130
6/24/76 6/26/76 0.19 =+ 0.11

1130 0830
Summary
6/8/76 to 6/26/76 Range: 0.14 + 0.07 to 1.5 _+ 0.39

(9 Samples) Average + Two-Standard Error = 0.51 + 0.29

* Eberline Instrument Corp. determination
**  EMSL determination
+ The standard error is defined as the standard deviation of the
sample population divided by the square root of the number of samples
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TABLE A-3.

IHS-LAGUNA HEALTH CENTER

* Eberline Instrument Corp. determination

** EMSL determination

Date/Time Radon Concentratjon*

On Off +two-sigma counting error term, pCi/l
6/15/76 6/16/76 0.64 =+ 0.14

1430 1300
6/16/76 6/18/76 0.59 =+ 0.14

1400 1220
6/18/76  6/20/76 0.24 +0.12

1220 1155
6/20/76 6/22/76 1.6 +0.19

1155 1200
6/22/76 6/24/76 0.22 =+ 0.11

1200 1115
6/26/76 6/28/76 0.44 + 0.12

1130 1100 (0.071 = 0.025)**
6/28/76 6/30/76 0.64 + 0,16

1100 1010
Summary
6/15/76 to 6/30/76 Range: 0.22 + 0.11 to 1.6 .+ 0.19

(7 Samples) Average + Two-Standard Error = 0.63 * 0.36

+ The standard error is defined as the standard dev1at1on of the
sample population divided by the square root of the number of samples
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TABLE A-4.

BIBO-WELLHOUSE

6/8/76 to 6/30/76
(12 Samples)

Range:

Less than 0.12 to 1.
Average + Two-Standard Error

* Eberline Instrument Corp. determination
** EMSL determination
+ The standard error js defined as the standard deviation of the

sample population divided by the square root of the number of samples

52

Date/Time Radon Concentratijon*
On Off +two-sigma counting error term, pCi/]
6/8/76 6/10/76 than 0,12
1207 1120 (0.047 + 0.0719)**
6/10/76 6/12/76 + 0.29
1120 1130
6/12/76 6/14/76 Less than 0.38
1131 1337
6/14/76  6/16/76 + 0.14
1338 1020
6/16/76 6/18/76 + 0.17
1021 1140
6/18/76 6/20/76 + 0.12
1140 1110 (0.18 + 0.033)**
6/20/76 6/22/76 Less than 0.12
1110 1120
6/22/76 6/24/76 + 0.10
1120 1030 (0.065 + 0.020)**
6/24/76 6/26/76 + 0.1
1030 1100
6/26/76 6/27/76 + 0.14
1100 1030
6/27/76 6/28/76 + 0.10
1030 1015
6/28/76 6/30/76 + 0.13
1015 1130
Summary

+ 0.29
= 0.50 £ 0.23
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TABLE A-5. MESITA-INDUSTRIAL PLANT (#1)

Date/Time Radon Concentration*

On Off ttwo-sigma counting error term, pCi/1
6/8/76 6/10/76 0.31 £ 0.06

1533 1430
6/10/76 6/12/76 0.89 + 0.33

1430 1415
6/12/76 6/14/76 0.49 = 0.14

1420 1455
6/14/76 6/15/76 0.18 £ 0.05

1456 1435
Summary
6/8/76 to 6/15/76 Range: 0.18 + 0.05 to 0.§9 +* 0.33

(4 Samples) Average + Two-Standard Error = 0.47 * 0.3]

* Eberline Instrument Corp. determination
+ The standard error is defined as the standard deviation of the
sample population divided by the square root of the number of samples
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MESITA-COMMUNITY BUILDING (#2)

Radon Concentration*
+two-sigma counting error term, pCi/]

TABLE A-6.
Date/Time
On Off
6/15/76 6/16/76
1445 1320
6/16/76 6/18/76
1425 1320
6/20/76 6/22/76
1225 1235
6/22/76 6/24/76
1235 1145
6/24/76 6/26/76
1145 1210
6/26/76 6/28/76
1210 1120
Summary

6/15/76 to 6/28/76
(6 Samples)

1.7 0.22

1+

0.32

I+
(o]

12

Less than 0.12

0.34 = 0.05
0.23 + 0,08
0.61 = 0.16

Range: Less than 0.12 to 1.
Average * Two-Standard Error

W+

* Eberline Instrument Corp. determination
+ The standard error is defined as the standard deviation of the
sample population divided by the square root of -the number of samples

CONFIDENTIAL
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TABLE A-7. MOQUINO-PRIVATE RESIDENCE

Date/Time Radon Concentration*
On off +two-sigma_counting error term, pCi/l
6/8/76 6/10/76 1.4 =+ 0.14
1242 1141
6/10/76 6/12/76 Less than 0.30
1145 1151
6/12/76 6/14/76 Less than 0.35
1155 1348 (0,090 + 0.024)**
6/14/76 6/16/76 : 1.1 =+ 0.22
1350 1037
6/16/76 6/18/76 0.24 + 0.08
1038 1200
6/18/76 6/20/76 0.79 + 0.12
1200 1125
6/20/76 6/22/76 1.4 + 0.23
1125 1140
6/22/76 6/24/76 Less than 0.12
1140 1045
6/24/76 6/26/76 0.23 + 0.10
1045 1110
6/26/76 6/28/76 0.47 + 0.14
1110 1030
6/28/76 6/30/76 Less than 0.12
1030 1150
Summary
6/8/76 to 6/30/76 Range: Less than 0.12 to 1.4,+ 0.23
(11 Samples) Average + Two-Standard Error = 0.54 + 0.31

* Eberline Instrument Corp. determination
** EMSL determination
+ The standard error is defined as the standard deviation of the
sample popuiation divided by the square root of the number of samples
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TABLE A-8. PAGUATE-COMMUNITY BUILDING

Date/Time Radon Concentration*

On Off +two-sigma counting error term, pCi/l
6/8/76 6/10/76 0.19 + 0.13

1125 1000 (0.11 £ 0.0710)**
6/10/76 6/12/76 0.57 + 0.14

1000 1100
6/12/76 6/14/76 0.29 =+ 0.1

1102 1310
6/14/76 6/16/76 0.74 + 0.06

1311 1055
6/16/76 6/18/76 0.18 + 0.10

1055 1120
6/18/76 6/20/76 0.36 + 0.10

1120 1050 (0.11 + 0.026)**
6/21/76 6/22/76 0.65 =+ 0.12

1100 1110
6/22/76 6/24/76 Less than 0.12

1110 1010 (0.056 + 0.020)**
6/24/76 6/26/76 0.31 + 0.12

1010 1045
6/26/76 6/28/76 0.48 + 0.12

1045 1000 (0.12 + 0.029)**
6/28/76 6/30/76 0.73 =+ 0.17

1000 1110
Summary
6/8/76 to 6/30/76 Range: Less than 0.12 to 0.74,+ 0.06

(11 Samples) Average + Two-Standard Error = 0.42 + 0.14

* Eberline Instrument Corp. Determination
** EMSL determination
+ The standard error is defined as the standard deviation of the
sample population divided by the square root of the number of samples
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6/8/76 to 6/30/76
(11 Samples)

Range:

* Eberline Instrument Corp. determination

*%* EMSL determination

TABLE A-9. JACKPILE MINE~COMPANY HOUSING AREA
Date/Time Radon Concentration*

On Off +two-sigma counting error term, pCi/]

6/8/76 6/10/76 1.8 =+ 0.35
0915 1240

6/10/76 6/12/76 1.6 + 0.36
1241 1025

6/12/76 6/14/76 Less than 0.34
1025 1250 (0.3] + 0.043)**

6/14/76 6/16/76 1.3 + 0.17
1251 1200

6/16/76 6/18/76 0.53 + 0.14
1201 0945

6/18/76 6/20/76 0.89 + 0.18
0945 1030

6/20/76 6/22/76 1.5 * 0.19
1030 1050

6/22/76 6/24/76 0.35 + 0.10
1050 0945 (0.20 + 0.035)**

6/24/76 6/26/76 1.4 + 0.08
0945 1030

6/26/76 6/28/76 1.8 + 0.23
1030 0945

6/28/76 6/30/76 1.1 + 0.07
0945 1050

Summary

0.25 + 0.10 to 1.84,+ 0.23
Average + Two-Standard Error = 1.1 + 0.34

+ The standard error is defined as the standard deviation of the
sample population divided by the square root of the number of samples
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* Eberline Instrument Corp. determination

*%* EMSL determination

TABLE A-10. RAILROAD TRESTLE-BELOW JACKPILE HOUSING (#1)
Date/Time Radon Concentration*

On off +two-sigma counting error teym, pCi/l
6/8/76 6/10/76 2.1 £ 0.26

1025 1304
6/10/76 6/12/76 1.6 + 0.35

1310 0945
6/12/76 6/14/76 Less than 0.72

0945 1235 (0.14 + 0.029)**
6/14/76 6/16/76 0.29 + 0.12

1236 1225
6/16/76 6/18/76 0.41 + 0.13

1227 0930
6/18/76 6/20/76 0.82 + 0.06

0930 1010 (0.53 £ 0.055)**
6/20/76 6/22/76 1.3 +0.22

1010 0935
6/23/76 6/24/76 0.19 + 0.10

0935 0930
6/24/76 6/26/76 2.1 +0.22

0930 0930
Summary
6/8/76 to 6/26/76 Less than 0.12 to 2.1, 0.26

(9 Samples) Average + Two-Standard Error = 0.99 + 0.54

+ The standard error is defined as the standard deviation of the
sampie population divided by the square root of the number of samples
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6/8/76 to 6/30/76
(11 Samples)

TABLE A-11. (LOCATION #2)-ONE MILE SOUTH OF RR TRESTLE (#1)
Date/Time Radon Concentratijon* _

On Off +two-sigma counting error term, pCi/1

6/8/76 6/10/76 2.6 + 0.43
1047 1319

6/10/76 6/12/76 1.2 + 0.29
1320 1035

6/12/76 6/14/76 0.62 £ 0,14
1038 1035

6/14/76 6/16/76 1.6 + 0,20
1036 1240

6/16/76 6/18/76 0.44 + 0.05
1240 0915

6/18/76 6/20/76 0.59 + 0.16
0915 1000

6/20/176 6/22/76 2.0 £ 0.11
1000 0920

6/22/176 6/24/76 0.46 + 0.13
0920 0920

6/24/176 6/26/76 2.7 + 0.24
0920 0940

6/26/76 6/28/76 0.84 + 0.17
0940 0930 (0.84 + 0.077)**

6/28/76 6/30/76 1.1 + 0.19
0930 1040

Summary

Range: 0.44 + 0.05 to 2.7,+ 0.24
Average + Two-Standard Error = 1.3 + 0.50

* Eberline Instrument Corp. determination

*% EMSL determinatijon

+ The standard error is defined as the standard deviation of the
sample population divided by the square root of the number of samples
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APPENDIX B

Composited Monthly Ambient Air Sampling Results in pCi/m®
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*Results corrected for blank filter content.
Bernhardt (1976).

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/m®) AT JACKPILE HOUSING

TABLE B-1.
NATF

MN/Y PR OM OFF

75/71? 75712/704 175/12/29
74701 757172729 7670172723
T7+/02 74701730 TA/02/217
76703 TAR/072/72T7 76/0/26
TA/04 7A/701/27 T6/04/30
7«/N0nS 76704730 TA/08/2R8
TA/06A TA/705/7R  T6/0A/7S
T7A/07 76707702 76,/07730
764/Nn9 76707730 7A/09/24
7£/10 76710701 7A/10/79
76/11 T8/10/7270 TK/11/779
TR/1? TA/11/723 TA/12710

- v - - D G T G D b P T D D D - Y T D g D S G D - A D R - L D e OB TR R P e D e D G . G L TR G D oy P A D - S D - W W .

VOl UMF WFIAHTFD AVFRANGFS
YEAN ¥ TYS (M-1)

STN FRB

3.00F=-D1
(l.40F=04)
4.,30F=-07
(2.00F=04)
3.ﬁ0F-ﬂ3
(l.70F=04)
3.10F~-03
(1.50F=04)
2.10F=-03
(l.OOF-ﬂb)
3-“0F-03
(1.70F=~08)
4,30F=-03
(2.N0F=04)
Q.QOF-OQ
(7.705-05)
I.Q7F-ﬂ3
(4.51F=-07)
1.90F=-013
(1.10E=-04)
2.707‘03
(4.S0F-04)
3.&0“03
‘1-”0;“0“)

2.76F-03
(A 45F=04)

1.10F=-06
(1.40F=-05)
1.90F=04
{(1.9n0F=05)
1.3NF=N4
(1.50F=05)
1.30F=-04
(1.60F~05)
9.,20F=-05
(1.20F=05)
1.10E‘04
(1.A0F=05)
]-70F‘04
(1.90F-05)
4.50F =05
(7.50F=06)
?-90F-05
(l.]ﬂF—OS)
S.90F =05
(1.10F-05)
1.20F =04
(4.90F=-05)
1.30F=04
(?QJOr-Oq)

l.l?F-04
(P.B7E=05)

3.,00F-03
(1.40E=-06)
44,20F=-03
(1.,90FE=-04)
1.50F=N3
(1.A0F=04)
U, 00FE=-N3
(1.40F=04)
?.IOF-03
(1.00F=04)
1.AOE-O3
(1.70F=-04)
4.20E=-N3
(7.00F=04)
Q,90F =n4
(7.70F=-N5)
1«56F=0N3
(4.A4F=03)
1.90F=-03
(1.10E-04)
2.,40F=-03
(64,720F=04)

- 3,30F=N]

(1.80F=n4)

?.AHE-N3
(R 26F =N4)

2.R0F=-03
(7.50E-05)
4.20E-04
(1.20F=05)
1.60E-04
(R, NOE-06)
I.AGE-UZ
(2.20E-04)
2.20E-06
(6.00FE-06)
4.00E'03
(1.50F=04)
4.20E~-03
(9.60E~05)
1.90E-03
(6.00E-05)
1.37E-03
(4.,41F-03)
1.90F-03
(6.00E-05)
I.QOE-03
(2.20E-04)
2.50F-03
(2.90F-04)

P.R?€-03
(P.72E-03)

5.40E-05
(1.00E-05)
R.00E-06A
(2.00E-06)
6.00E~06
(1.00FE-06)
QI?OE-OS
(1.80E-05)
S.00E-06
(1.00E-06A)
B.AOE-OS
(2.10€-05)
6.70€E~0S
(1.20E-05)
3.50E-05
(Re30E-05)
2.73E-05
(3.71E-05)
4,50E~05
(9.20F=06)
5.60E-0§
(I.IOE-OS)
3.00E-05
(1.10F=05)

4.1RE-05
(1.776-05)

2.20E~-03
(1.20E-04)
3.70E-03
{1.60E-04)
3.90E-03.
(1.60E-04)
3.30E-03
(1.50E-04)
2.30E-03
(1.30E-04)
2.60F-03
(1.30E-04)
5.30E-03
(1.90€E-04)
2.,20E-03
(1.30E-04)
1.22E-03
(5.33E~-03)

'I.QOE-03

(9.80FE-05)
3.ROE-OQ

(S.40E-05)
2.50F-03

(1.80E-04)

2.46E-03
(R, A1E=04)

Statistical considerations as discussed in Eadie and
Results shown are volume weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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*Results corrected for blank filter content.
Bernhardt (1976).

74706
76/07
76/0A
76710
76711

16712

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS*

TABLE B-2.
NATF
oM 0FF
15/12/06  75/12/79
7S/12/29  16/01/23
TA70V /30 TR/02/21
TRI02/27  T16/03/26
TR703/26  T6/N6/730
76706730 16/05/7R8
76/06/28 74/0A/25
16707702  TH/Z0T730
76707730 TR/08727
T6/0R/727 14/10/29
TA210/7279 TA/11/729
7R/711 779 ThA/1P2/10

UNL_{JMF WFIGHTFD AVFRAGFS
STN FRR MFAN # TO5(N=})

2.10F-N3
(1.10F=04)
3.50F-03
(1.ANF=04)
1 . 10‘:"'03
(7.20F~=-05)
6.90F=04
(4.40F=05)
7.1NF=04
(4.40F=05)
6.AOF-0&
(4.20F=-0N5)
l.40F=-03
(7.70F=05)
A,30F-04
(6.40F=05)
l .?ﬂF-03
(6.ANF=08)
Q.GOF-OQ
(6.30F=NS)
l-lnc-03

*{6.50F=05)

1.70F-03
(l-IOF-OA)

1.24F =07
(6.NTF=04)

R.,3INF~-05
(1.20F=05)
1.30F=-04
{(1.90F=05)
S.00F=05
(9,720F=06)
1.20F-0§
(590F=06)
?.ROF-OS
(A TNF=0A)
POQOF‘QS
(f2NF=-06)
S.30F=05
(9.50F=06)
3.10F=NS
(5.60F=-06)
44,70F=05
(R.ANDF=0A)
1. 70F=0S
(9.50F=06)
3.60F=-05
(R.OOF-OH)
S.90F =05
(1.60F=05)

4,7 =05
(1.52F=0%5)

2.00F=03
(1.N0F-04)
3.30F=-03
(1. 70F=n4)
1.20F=-03
(7.00F=-05)
7.10E'04
(4,60F=05)
T.00F=-04
(4,50F=0N5)
S«90F=04
(4.10E=05)
1.40FE=-03
(7.A0F~-05)
7.90E-0“
(6.10F=N5)
1.20F=03
(A6 0OF=05)
8.90F =04
(6.10F=05)
Q,0F =04
(A ?20FE=05)
1,RNE~N3
(1.10F=04)

1.19F=-03
(3RTE=04)

(in pCi/m?)

2.“0E-03
(1.00E=-04)
2.,10E-03
{(7.A0E-05)
1 .‘00’{’03
(6. 10E-05)
6.R0E-04
(4,00E=-05)
6.ANE-04
(3.90E~-05)
QQSOE_O“
(5.10E~-05)
3.00E'0“
(3.00E-05)
1.4NE-03
(4,R0F-05)
lo“ﬂE'Oj
{(6.30E-0%)
TJ40E-04
(4,40F=-05)
6.40E-04
(4.10E-05)
1.00E-03
(6.,40F-05)

1.11€-03
(3.R7E=-04)

AT PAGUATE

l.?OF-Oh
(2.40F=-05)
2050E‘04
(2.A0E-0S)
2.40F=04
(2.60E-05)
1.90€6-04
(2.20E-05)
BOQOE-OS
(1.40E-05)
1.10E-04
(1. 70E-05)
ZOROF-OS
(1.00E-0%)
S.R0E-0S
(9.90E-06)
SOQOF-OS
(1.30F=-0%)
1l.40E-04
(1.90F-05)
A.40E-05
(l.40F-05)
S«40E-05
(1.60E-05)

1016E“04

l .905"03
(1.,00F-04)
3.00E-03
(1.70E-04)
1.605-03
(3,30E~05)
T.H0E~04
(7.00E-05)
7.30E~-04
(7.70E-05)
7.50E-04
(7.30€~05)
1.60E-03
(1.00E-04)
1.80E-03
(1.00E-04)
1.40E-03
(9,40E~-05)
4,10E-04
(4,65E-03)
8.40E°04
(7.10E-05)
‘0.80E"0‘0
{(9.50E£-05)

1.15E~03
(6,?1E-04)

Statistical considerations as discussed in Eadie and
Results shown are volume weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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1A/04

14/05

TA/NA

£9

TR/0T
76/09
7710
TA11

76717

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/m®) AT BIBO

TABLE B-3.
NATF
O™ OFF

18712704  Tw/12/2729
75/12/729 T6/01/?73
TA/0V /730 TAR/02/7217
TAR7027277 TA/03/PAR
TA/0%725  TR/N6L/7D
TA/04/710  T6/05/7K
TAR/Z05/72A  T6/0A/75
76/07/02 76/07/716
7A/0R/70A TA/09/0R
T48709/0%  TA/10/29
1710729 74A/11/79
76/11/?729 74712710

VOLUMF WFIGHTFD AVFPAGFS
STN FRP uFAN # TYG (N=1)

*Results corrected for blank filter content.
Bernhardt (1976).

8.50F-04
(1.20F-04)
1 .?0'-'-03
(3.40F-N4)
3.,30FE=-04
(2.,R0F=05S)
2.10F=04
(2.10F=05)
2.‘00‘:-0‘0
(2.10F=-05)
l.70F=04
(1.80F=-05)
2.20F~04
(Z.40F=05)
?.40"‘0&
(2.90F=-NS)
2. 30F=04
(2. 10F=0R)
2.15F=04
(6,996 =04)
P.T0F=N4
{2e40F-05)
KR.NNF=0N4
(S.A0F=-05)

3.76F-ﬂ10
(l.20F=-04)

’\oan-o“
(1. 30F=-06)
1.5NF=0hA
(1.80F=DA)
loan-OS
(4. L4NF=0R)
9,7NF=~0A
(5.90F=~06)
AJONF-NA
(3.0NF=0NA)
S.45F=06
(1.5FF=05)
R.ROF=06
(4.30F=06)
?2.50F=N5
{1.10E-05)

T.hEF=06
(1.15F=06)

R GNF =04
(1.70E=-04)
1.,20F=-03
(340FE=04)
3.10F=-04
{(?7.ANE~05)
?:.10F=04
{(P.2NF=05)
2.?20F =04
(P« 10F~n5)
1.50E=04
{1.90F=05)
2. TO0E-04
(?2.50F=05)
2.70E-04
(?2.90F=05)
?.70E-04
(?.10F=05)
POISE-OQ
(R.2AF=04)
2. T0F=04
(2.50F<~05)
6.]05'04
(5.70FE=-05)

3.AIF =04
(1.,92F-04)

230TH

7.10F-04
(R.?OF-OS)
9,.,ROF=-04
(l-QOE-OQ)
3030E-04
(2.40E-05)
2.00E~-04
(1.R0F=-05)
1.30E-04
(1.4NE-05)
1070E-05
(?.00E-06)
Z.QOE-OQ
(2.40E-05)
3.90E-04
(S.NOF-05)
1.00F=-04
(1.6NE~-05)
?.l"—’E-Ol‘
(3.18BE=~04)
1.ROE=04
(3.10F-05)
3.40E-04
(3.90E~-05)

3.02E-04
{(1.64FE-04)

232TH

T«70F~05
(2.70€6-05)
1.8R0E-04
(7.90E-05)
S-IOE-OS
(1.00F=05)
T7.?0F=05
(1.10E-05)
3.20E-058
(6.90E-05K)
h.OﬂE-06
(1.n0E-06)
3.70E-05
(7.90E-06)
5.90£-05
(2.00E-05)
2.30E-05
{R.00F~06)
5.05£=05
{(9.53F-05)
4.,/A0E-05
{1.50E-05)
1.60E-05
(1.10E£-05)

5.50€-05
(?.63E-05)

226RA

7.“0E-05
(3,50F-05)
%QROE-OS
(3.70£-05)
ZOZOE-OQ
(4.,40E-05)
7.70E-05
{3.60FE~05)
2.60E-04
(4,40€£-05)
2.10E-04
(4.,R0E-05)
2.90FE-04
{(5.90£-05)
2.30E-04
(7,00E-05)
ZQZOE-OA
(4.,A0E-05)
2.55E-04
(4.45F-04)
2.20E~04
{4,20F-05)
lo?OE-OQ
(6,50E-05)

1.96E-04
(5.10E-05)

Statistical considerations as discussed in Eadie and
Results shown are volume weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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MN/YR

TR/04
7705
T6/06

TA/07

¥9

76/0R

T6/10

76711

T68/12

TABLE B-4.

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/m®) AT MESITA

NATF
on NFF
75712706 15/12/29
15712729 TA/01/23
76/01/730  76/02/7173
76703707 TA/01/76
76703726 TA/04/730
76/7046/30  TA/05/2R
7470672  TR/0A/75
T6/07/00 TAR/0T7/730
TR/707/730  THR/0R/2T
TR/70R/2T TA/10/29
76/10/29 7T6/11/29
TA/11729 T6/172/10

VOILLUMF WFIGHTFDN AVEPAGES
STN FRP UFAN # T95(N=1])

*Results corrected for blank filter content.
Bernhardt (1976).

8.90F =05
(1.70F-05)
6.A0F=N4
(44640F=N5)
Lo DOF=04
(4,10F=05)
2« 20F =04
(2.50F=05)
2.40F=04
(2.ANF=-09)
1.R0F=-04
(2.00F=NS)
J.40F=04
(3.20F=05)
1.007'04
(?.20F=05)
1.50F~-04
(1.R0F=05)
2-]0‘-04
(2.00F=-0%8)
5.20F =06
(4.20F=05)
S.90F-04

(5 ANF=n5)

3.N0F=04
(1.17F=04)

4.4”F-06
(3.10F=-06K)
?+80F-05
(7.00F=05)
1.30F-05
(7.00F=06)
R,30F=06
(4.60F=0K)
Q. 40F=06A
(4.30F=0R)
A.60F~06h
(3090F-06)
1.70F=05
(Ae30F-0A)
4,B0F=06
(5.720F=0A)
9.70F =NA
(4.INF=06)
Q.ZﬂE-Oﬁ
(3.70F=05)
P 4NF=0%
(7.20F=0R)
2.20F=05
(1.10F=0%)

1.2 7F =05
(5.09F=06)

R,10F=NS
(1.,50F=n5)
AsRNE=04
(6,40E-NS)
QQOOE-OQ
(4.20F-05)
POAOE‘OQ
(?2.R0F=05)
?QSOE-OQ
(?.60F=-05)
1.90E-04
(?,30F-n5)
3.50F=04
(3.30E-05)
1070E-04
(7. 70F=05)
1.40E-04
(1.90£-05)
P2« 10F=-04
(?.20F=-05)
qo30E'04
(4.,40F=-05)
q.lﬂE-O#
(5.?20F=0N5)

72.98E-04
(1.15€=-04)

2-10E-04
(2,30F-05)
2.70E-04
(2.,4DE~-05)
2.A0FE=-N5
(1,40E-05)
2.40FE-004
(2.40F=05)
Z.ADE-O#
{2.10FE-05)
3.90E-05
(3.00E-06)
3.60;‘0“
(3.1NE-05)
S.90E~05
(S.00E-05)
3.00E'0“
(3.0NE-05)
2.40F-05
(3.00E-0A)
1070E‘04
(1.70F-05)
1.50F-04
(2.R0E-05)

1.,7RBE-04

4.,70E-05
(1.10E~05)
1.10E-04
(1.50F~-05)
1.20E~05
(9.00F=-06)
T.00E-05
(1.30F-05)
1.50F-04
(1.50€-05)
2.90E-05
(7.00F-06)
lo“OE'O“
(1.90E-05)
1.50E-04
(2.50FE=-05)
l.OOE-04
(1.70E-05)
1.50F=05
(2.00E-06)
5.10F-05
(3.90FE-06)
1.,40F-05
(1.30E-05)

T.7TYE-05
(3.55E-05)

1.70E-04
{5.20E-05)
2.8B0E-04 .
(5.80E-05)
3.80E~-04
(B.00E-05S)
2.30E-04
(6.20E-05)
2.90E-04
(S.20E-05)
2.005-04
(4,90E-05)
4.,40E-04
(6. 70E-05)
1-60E'03
(1.,20E-04)
9,20E-05
(4.30F-05)
2.29E-04
(1.35E-03)
4,10E-04
(S.70E~-05)
l.OOE-Oh
(6.90E-05)

3.44E-04
(2.06E-04)

Statistical considerations as discussed in Eadie and
Results shown are volume weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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*Results corrected for blank filter content.
Bernhardt (1976).

TABLE B-5.
naTe

unN/YP OM OFF

75212 75/712/04  15/12/29
TA/02 76701730 7A/02/27
T7/03 74702727 TA/03/2A
TA/04 TA/703/26  TA/04/30
76/05 76704730 T6/05/2R
TR/06 T6/708/78 TE/0A/2S
T6/07 T4/07/702 TA/07/730
TA/0R TA/0R/0A  TH/08/27
TA710 76708727 TA/10/20
76711 TR/1N/P79  TR/11/29
76/1? 76711729 T76/12/10

VOL UMF WFIGHTFD AVERAGFS
CYN FRP uwfFAN # T9G5(N=1])

5.&0F'04
(3.,90F=N%)
4.40F=04
(3.40F=05)
J.OOF-OQ
(2.A0F~05)
1.20F=0n4
{l1.90F=05)
2. TNF=N4
(2. 70F=0%)
l.10F=04
(1.50F=05)
4.60F-n5
(1.70E‘0§)
9.‘00‘-"“"_)
(1.50F=-058)
l.14F=nN4
(4.5]1F=n4)
3.20F=04
(3.10F=05)
"6.10F=-04
(5.7ﬂF~05)

2.53F=04
(1.10F=04)

2.50F =05
(ﬁ.ﬂﬂF-OG)
1.20F=05
{(4.70F=0A)
7.90F=-06
(3.ANF=-NA)
S.QOF-Oﬁ
(V.20F=-0A)
Q. 70F=0hk
(4.90nF=05)
AJINF=-0F
(V.ANF=06)
?.80F-0A
(1.20F<0R)
4.40F=-06
(3. INF=~0A)
4 .AF-06
(3.3NF=N5)
9.2nF=-0A
(S.10F=0A)
?2.60F=05
(1.20F=05)

9.,11F-06
(443PF~06)

S40F=04
(4,00F=05)
4.70F-04
(3. 70F=15)
?«A0E=-NG
(?.AO0E=-05)
1.70F=04
(?.10F=05)
?eROE-06
(?.,90F=05)
1.00F=04
(1.70F=05)
4 JROF=-05
(1.A0F=05)
QQOOF-OS
(1.60F=05)
] P76E=004
(6. 73E=04)
h.lOF-Oa
(1.40E-05)
6.40F-04
(Soan-OS)

?«56F =04
(1,13E~04)

23NTH

2.?06-04
(1.90E=-05)
3. 10F=05
(2.00E-06)
E.QOE'OS
(4.,00E-06)
2.10E-05
(3.00E-06)
9070E-05
(].60E-05)
1.10E-04
(1.50E-05)
8.70E-05
(1.ROF=05)
1.0n0F~-05
(2.00E-06)
B.29F-05
(5.63F=-05)
1.10E-04
(l.an‘OS)
l.bOE'OQ
(2. 7NE-05)

R,12F=-05
(3.90E-05)

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/m®) AT OLD LAGUNA

2792TH

B8.60F=05
(1.20E~05)
9.“0E’06
(1.00E-06)
9.00E-06
(3.00E-06)
1.10£-05
(2.00E-06)
3.40E-05
(9.00E-06)
S5.,RO0E-05
(1.10E-05)
4,10E-05
(1.720E-05)
1.00E-06
(1.00F=06)
1 .NRE-0S
(2.18€-05)
1.10E-05
(6.00E-06)
l.QOE-OS
(1.10E-05)

?44E-05
(1.69E-05)

IQZOF‘OQ
(3.A0E-05)
3.30E-04
(S.90€E-05)
ZOQOE-OQ
(5.10E-05)
2.30E-04
(5.50E-05)
9020E-05
(4.40E~05)
8.30E-05
(4.R0E-05)
4.10E~-0S
(4.70E-05)
4,40E-04
(7.00E-05)
6.22E-05
(1.71E£-04)
9.60E-05
(4.60F-05)
5.90E-05
{S.80E-05)

106?5-04
(8.11F-05)

Statistical considerations as discussed in Eadie and
Results shown are volume weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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*Results corrected for blank filter content.
Bernhardt (1976).

TABLE C-1.
NATE

MN/YR ON NFF
7€/12  15/12/06  75/12/29
76701  75/17/29 16/01/23
T6/02  T8/701/30 78702727
TA//7073 TAR/7027727 76/03/26
T6/06 76703726 T6/04/30
76/05  76/04/30  Th/05/718
76/06  T6/05/78  T6/06/25
16/07 76407702 T4/07/30
74700 76707730 1n/09/24
76710 76710701 74/10/29
76/11  7A/10/29 T4/11/29
TR/12 76711779 T6/12710

2341

7.90F+01
(3.50F+00)
9.70F+01
(4.S0F+00)
9.00F+01
(4.20F+00)
7.60F+01
(3.540F+00)
6.20F+01
(3.00F+00)
B.,40F+0]
(4.20F+N0)
9,70F+N]
(4.,50F+00)
4.ANF+01
(3.40F+00)
TeN2F+01
(1.56F+0?)
6.40F+01
(3.50F+00)
6.,R0F+01

11.10F+01)

9.ROF+N]
(S INF+N0)

2351

2.80F«00
(3.60F=01)
4,20F+00
(4,40F=-01)
1.20F+00
(1B8NF=-01)
3.10F+00
(3.80F=01)
2.50F+00
(Y.40F-01)
2.T0F+00
(F.A0F=D1)
3.90F+00
2.00F+00
(1.30F-01)
1.50F«00
(S«70F-01)
l.QOF000
2.90F+00
(1.30F+00)
A, 70F 00
(AshAOF=-01)

2381

T.70E+01
(3.50E+00)
9,50F+01
(4.,40F+N0)
B.T0F+01
(4,10FE+00)
T.20F+01
(1.50F+«00)
‘)o?nF_’nl
(3.00FE+00)
B.40F+01
(4,20F+00)
Q,50F+01
(4,50FE+00)
4.50F+01
(3.40E+00)
fe9BE+0]
(1.A5F+N2}
he30F+01
(A,50F+00)
(1.1NE+01)
9.,50F«N})
(S.,20F+00)

230TH

7.30E+01
(1.,90E+00)
9,40F+00
(2.70E-01)
R.ROE+00
(2.106=-01)
3.40E+02
(S.40E+00)
6.50F+00
(1.8NE-01)
9.90E+01
(3.60FE«00)
9,60E+01
(2.20E+00)
A.40E+0]
(2.60FE+00)
6.20E+0]
(1.60F+02)
6.20E+01
{2.00E+00)
4 ,A0E+01
{S.70E+n0)
7.30E+01
(R, 30E+00)

232TH

1.40F+00
(2.70F-01)
1.R0E-01
(4,50E-02)
IQQOE‘OI
(2.A0E-07)
2.20E+00
(4.40E-0])
1,50F-01
(2.70E-02)
?.10E+00
(5.10E=-01])
1.50E+00
(7.R0E~01)
1.606£+00
(3.70E-01)
1.26F+00
(1.61E+07)
1.50E+00
(3.00E-01)
1.40E+00
(2.90F-01)
R.,A0E~-01
(3.20E-01)

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/g) AT JACKPILE HOUSING

226RA

5.50E+0] .
(3.,20E+00)
8.40E+01
(3.60E+00)
9.70F+01
(4,00E+00)
B.20E+01
(3.70E+00)
7.00E+01
(3.80E+00)
6.50E+01
(3.40E+00)
1.20E+02
{4.40E+00)
9.70E+01
(6.,00E+00)
S.73E+01
(2.15E+02)
4,30E+01
(3.20E+00)
9.90E+00
(1.40E+00)
7.30E+01
(5.40E+00)

VOILLUME WETGHTED AVERAGFS
STN ERP MFAN # TQG5(N-1)

7.Q4F00]
(93.10F+00)

A.01F+00
(4.62F-01)

T.hPE+N]
(Q,30E+00)

B.02E+01
(6.10E+01)

1.19E+00
(1.15E+01)

6.,98E+01
{(2.12E+01)

Statistical consjderations as discussed in Eadie and
Results shown are mass weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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*Results corrected for blank filter content.
Bernhardt (1976).

un/yr

TA/06
TR/07
74/08
74710
76711

T+/712

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/g) AT PAGUATE

TABLE C-2.
NATF
ON OFF
75/12/706  15/12/79
75/12/29 76/01/23
76701730 76702721
T6/702/27 16703725
76703726 757047730
76704730  76/05/7R
76/05/28  TA/0A/25
76707702 76/07/730
76707730 74/0R/27
TA/708/27 T6/10/7279
76710729 76/11/29
T6/11729  TA/12710

VOLUMF WETGHTFD AVERAGES
STN FPR MFAN # T95(N-=1)

2.40F+01
(1.20F+00)
1l.70F+01
(R.50F-01)
8.80F+00
(S.NOF=-=01)
S.NOF+00
{3.10F=01)
1.20F+01
(70?0;‘01)
1.70F+0}
(TeR0F=01)
1.4N0F+01
(R.70F=01)
l.70F+01
(1.30F+00)
3.10F+01
(le70F+00)
T.00FE+00
(4.50F~-01)
1.20£+0]
(T.20F=01)
2.90F+01
(1.90F+0n0)

1.32F +0}
{4.,54F+00)

9.,40F=01
{1.30F=01)
6.3”5-01
3.50F=N1
(A 40OF=02)
?.20F=01
{4.9n0F=02)
4.50F=01
(1.10F=-01)
A.Q(\F-ﬂl
(1.10F=01)
AsNNF=01
{(1.10F=01)
F\."OF-OI
{(1.20F=D1)
1.20F+0N
(2.20F=01)
?2.70F=-01
(A 90F~-02)
Q.OOF-OI
(R.ANF=02)
a,70F=01
(P.T0E=-01)

S. nOF_-"'nl
(1.6AF=01)

2.30F 401
(1.20F+00)
1.A0E+01
(R.,40E=-N1)
R.40F+00
(4,90F=N1)
Se00E«00
(3.70F=-Nn1)
1.10F+01]
(7.30E-01)
1.10E+01
(7.30E-01)
1.50FE+01
(R.60E-01)
1.70E+01
(1.30F+00)
3.00F+01
(1.70E+00)
6L,40FE+00
(46,40E-01)
1.10F+01
(6.90E~-01)
I, 00F+N)
(1.90F+00)

1«?6E+01
(4.35F+00)

230TH

2.TNF+01
(1.10E+00)
1.00E+01
(3.70E~01)
9.,A0E+00
(4.30E=-01)
4,90E£+00
(2.90E-01)
1.10F+01
(6.40E=-01)
1.70F+01
(9.30E-01)
3.40N0F+00
(3.40E-01)
2.ANE+01
(1.00€£+00)
3.70F+01
(1.60E+00)
S5.40E+00
(3,20E-01)
T.10€E+00
(4.60E-01)
1.,7N0E+01
(1.10F+00)

1.17€+01
(5.35E£+00)

232TH

1.50F+00
(7.70E-01)
1.20E+00
(1.30E=-01)
1.70F+00
(l.ANE=01)
1.40E+00
(1.50E-01)
1.50E+00
(2.30F=-01)
1.90E+00
{(3.10F£=-01)
3.10E=-01
(1.10E-01)
1.20E+00
(2.10€-01)
1.50F+00
(3.70F=-01)
1.10E+00
(1.40E=01)
T«.10E-01
(1.00E~-01)
9.00FE=-01
(2.A0F=01)

1.25E+00
(?.91E-01)

226RA

2.10€+01
(1.20E£+00)
1.50E+01
{(8.30E-01)
9,50E+00
(6.50E-01)
S.40E+00
(4.90E-01)
1.20E+01
{1.30E+00)
1.30E+01
(1.30E+00)
1.70E+01
(1.10E+00)
3,70E+01
(2.20€E+00)
3.60E+01
(2.40E+00)
4.,80E+00
(2.5RE+01)
9.20E+00
(7.90E-01)
8.10E+00
{1.60E+00)

1,27E+01
(4.,91€+00)

Statistical considerations as discussed in Eadie and
Results shown are mass weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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*Results corrected for blank filter content.
Bernhardt (1976).

MN/YPR

7R/04
76/05
TAR/NA
TR/707
7¢/09
T6/10
76711

76712

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/g) AT BIBO

TABLE C-3.
NATF
(¢LY OFF

75712706 15/12/29
75712729 76/01/23
TA/01/730  TA/02/27
76702727 TA/03/26
TA/703/76 T7Kh/04/30
76704730 TA/05/2R8
76/05/728  TR/0K/7S
767077072 T6/07716A
TA/0R/0A  TA/0G/013
TA/09/70% T76/10/29
TR210/72Q0  75/11/79
76711729 75712710

VOLUMF WEFIGHTFN AVFRAGFS
STN FRR MEAN # TO5(N-])

1.90F+01
(2.R0F+00)
44,00F+01
(1.20F+01)
9.20F+00
(R.20F=01)
4.80F+00
(4.R0F=01)
A NIF«00
{S.30F-01)
T+ROF+00
(R.10F=-01)
T4A0F+00
{(6.1NF=01)
2.30FE+01
(2.RNFE+00)
B.,NE+00
(7.10F=01)
2. TRF+00
(1.,R9F+01)

. T10F+00

(h.30F=-01)
1.60F4+0)
(1.40F+00)

B.RTF+00
(S.77F+0N)

1.60F-Ol
{(R.10F=02)
?.90F=-01
(l.1nF=-01)
0070F_-01
(5.ANF~01)
?.. l OF-OI
(1.10F=01)
fe91F=-02
(1.89F-01)
?.30F-01
(l.10F=01)
5-90‘?'01
(P.70F=N1)

]c(’nF-O]
(1.04F=-01)

2.N00FE+0]
(P«RO0F+00)
4400E+D]
(1.20F+01)
9.30F+00
(Re10E~01)
4,70F+00
(5.10€£=-01)
S.40F+00
(5.30FE=-01)
T40F+N0
A+Q0F+00
(660FE=N])
P« 10F+01
(2.R0FE+00)
T.A0F+00
(7T.30F=01)
2. T2E+00
(1.95F+01)
T.00F400
(A.50E-01)
1.50F+N1
(1.40F+00)

A,73E+00
(5.R4E+00)

PANTH

1.60F+D1]
(1.90E+00)
3.7NE+01
(A.20E+00)
9.A0E+00
(7.20F=-01)
4,50F+00
(6,20F=-01)
3.70E+00
(3.40E-01)
7.50E-01
(T.A0F-02)
T.60F+00
(6.10E-01)
3.90E+0N1
(4,90F+00)
3.50E+00
(5.70E£-01)
2eTIE+Q0
(S.32E+00)
4,60E+00
(B.N0E=-01)
8,30E+00
(9.4NE-01)

T.04F+00
(4,55F+00)

212TH

1.80E+00
{6.10€E-01)
5.80E+00
(2.60F+00)
1.50E+00
1.A0E+0D
(2.50F-01)
B.,N0E-01
(1.70E~01)
1.60F-01
(3.50F~02)
Q.40E~01
(2.00E-01)
SQROE*OO
(2.00E+00)
BOOOE-OI
(2.70F~01)
6.66E-01
(3.31F+00)
1.20E+00
{4.00£~-01)
4.00F~-01
(2.70£-01)

1.78F+«00
(7.41E-01)

226RA

1.A0E+00 -
(8,006E-01)
1.60E+00
(1.20E+00)
6.60E+00
(1.30F+00)
1.80E+00
(8.,20E-01)
6.70E+00
(1.10E+00)
9.20E+00
(2.10€+00)
7.50E+00
(1.50E+00)
2.20E+01
(6.80E+00)
T.50E+400
(1.60F+00)
3.29E+00
(1.60E+01)
5.80E+00
(1.10E+00)
4,10E+00
{1.60E+00)

L4 6NE+ND
{1.65F+00)

Statistical considerations as discussed in Eadie and
Results shown are mass weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence Tevel based on the t-distribution for (n-1)
degrees of freedom.
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*Results corrected for blank filter content.
Bernhardt (1976).

- - D . D S e T P D W D D 0 D S S g D G WD = D g D TN wm o S GO ) b ey P D GR T G gm S - P e am = R - - —— - G = S e P Ty D e G e S NS WP .

TR/04
76/08%
76/06
T6707
TAR/NR
T4/10
TA/11

TR/12

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/g)

TABLE C-4.
NATF
ON OfFF
15712706 T15/12/729
75/12/29  76/01/23
76701730 76/02/713
76703707 76/03/76
76/701/26  16/04730
76704730 T6/05/28
TAR/705/2R  T6/06/25
76707709 76707730
TA/707/730  16/08/727
7A/0R/27 16710701
767107729 16/11/29
76711729  76/12/10

UNLUMF WFTAHTFD AVFRAGFS
STD FPO MFAN # T9G(N=1)

9.00F=-01
(l.60F=01)
6.50F+00
3.70F+00
(3.30F=01)
2.30F+00
(2.50F=0N1)
l.70F+00
(1.70F-01)
2-10"‘000
(2.50F=01)
2.70F+00
2.50F5+00
(3,70F=-01)
2.00F+00
(2.30F=-01)
1.70F+00
(1.50FE=N1)
3.90F+N0
(3.10F=-01)
1.30F+01

(1420F+00)

2.R3F+00
(1.08F+00N)

2354

4.50F=0
(3.20F=-02)
?.7DF-01
(he70F=-02)
1e10F=-01
(S.TNF-02)
9.30E-02
(4.6NF=~02)
7.10F=-02
(3.20F=02)
R.INF=-02
(4.90F=02)
1.30F+00
(4.80F=01)
ﬂ.QOF-OZ
(6e9NF=02)
loaqF-01
(5.50F~-02)
G.ROF’-OF_’
(P70F=-02)
1.A0F=01
(5.30F=-02)
4.70F-01

2e24F=01
(Ps41F=-01)

R.?20E=-N1
(1.60€6=-01)
6.30F+00
(4,20F=-01)
3.70F+00
(3,40FE-01)
PL0OFE+00
(P.ROFE=-01)
1.RO0FE+00
(1,90F=01)
?+40E+00
(P.ROF-01)
?.70F+00
(P?.60E=-01)
?e20E+00
{(3.70E=-01)
1.80E+00
(2.40F=01)
1.A0E+00
{1.50E-01)
3.90F+00
(3.,30F=-01)
1.10F+N]
(1.10F+00)

2. TAF +00
(1.03F+00)

2.10F+00
(2.30E~-01)
2.60F+00
{?.30F-01)
2.10E-01
(1.10E-01)
2.40E+00
(2.,40E=-01)
1.90E+00
(1.60F=-01)
4,90F=01
(l.lnE-Ol)
?2.70E+00
(P.40F~-01)
7.70E+00
(6.60E=01)
3.RO0E+N0
(3.80E-01)
1.ROF=01
(2.10E-02)
1.20E+00
(1.70E=-01)
3,20E+00
(5.90E~-01)

1.,9RF+00
(1.07€+00)

AT MESITA

232TH

‘U.ROE"’OI
(1.10E-01)
1.00E+00
{l.40E-01)
1.00€E-01
(7.60€£-02)
7-00E'01
(1.30E-01)
1.10E+00
(1.270E-01)
3.10E-01
(9.10€-02)
1.00E+00
(1.50E-01)
2.00E+00
(3.40E-01)
1.30E+00
(2.20E-01)
1.20E-01
(1.70E-02)
3.80E-01
(7.30F-02)
3.90E-01
(2.90E-01)

7.06E‘ol
(3.45E-01)

226RA

1.80E+0
{(5.30E-01)
2.70E+00 -
(5.60E=01)
3.10E+00
(6.50E-01)
2+.30E+00
(6.20E~-01)
2.10E+00
(3.90€E-01)
2.50E+00
(6.,10€-01)
3.30E+00
(5.10E-01)
2.10E+01
(1.70E+00)
1.20E+00
(5.50E-01)
2.40E+00
(4.006£-01)
3.10E+00
(4.30E-01)
, 2.60E+NO
(1.50E+00)

3.40E+00
(2.17€+00)

Statistical considerations as discussed in Eadie and
Results shown are mass weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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1L

TA/0R
716/10
76/11

76/12

COMPOSITED MONTHLY AMBIENT AIR SAMPLING RESULTS* (in pCi/g) AT OLD LAGUNA

TABLE C-5.
NATF
on OFF
75/12/06  715/12/29
76701730 74702727
76202/27  76/01/76
76/01/26 76704730
76706730 76/05/7R
T7A/05/2R  TA/0A/2S
76707702 T1A/07/30
TA/0R8/0A 76/08/27
76708727 16710779
76710729 164711729
76711729 76712710

VOLUME WFIGHTFN AYERAGFS
STN FRP MEAN # T95(N-1)

*Results corrected for blank filter content.
Bernhardt (1976).

5.20F+00
(3.70F~01)
3.50F+00
(2.R0F=-01)
2.S0F+00
(2.10F-01)
1.90F+00
(2.N0F=01)
1.10F+01
(1.00F+00)
2.10F+00
(3.10F-0N1)
2.50F+00
(6.A0F=-01)
6.20F+00
(9.,40F-01)
7.1?:#00
(l.43F+01)
S.30F+01
(4.,0F+00)

" 4,10F+0]

(4.10F+00)

4.64F+00
(2.33F+00)

?e00F=01
(ReSO0F=-02)
R.70F-0?
(3. 70F=02)
AdbNF=NP
(3.00F=07)
6'20"--02
(3.4NF=02)
3.80F-01
(1.A0F=01)
1.30F=01
(7.40F=02)
1.50F=01
(le70F=01)
2.80F=01
(2.10F=01)
?.QOF-OI
(1.31F+0N)
1.20F+00
{(T.10F=01)
1.R0F+00
(R.20F=01)

1.A2F=-01
(2.50F=07)

5.30F+00
(F,R{F=-0])
F.60F+00
(P.00F=01)
?2.20F+00
(7.10F=01)
1.R0E+00
(2.70E=01)
‘olOF‘”l
(1.N0F+00)
2« NOF+00
(3.60FE-01)
2.60F+n0
(R.30F=01)
S.70E+00
(1.00F+00)
T+A9E+00
(2+49F +0])
Se70F+01
(44,RO0FE+00)
4,50F+01
(4,30F+00)

4ohG4E+0D
(P52F+N0)

2730TH

2.10F+00
(1.80€-01)
Q.AOE-OI
(1.90E-02)
l .QOE-OI
(3.60F=02)
203“E'01
(2.R0FE=-02)
3.,A0F+00
(5.90F=01)
2.40F+00
(3.206€-01)
4.A0E+N0
(9.40F~-01)
6.40F-01
(1.30E-01)
5.04F+00
(9.33E+00)
1.50F+n1
(2.10E+00)
9,90E+00
(1.90F+00)

1.,47E+00
(1,20E+00)

232TH

R.?OE-OI
(1.20E-01)
6.90E-02
{1.00E-02)
T¢40F=-02
(?.20E=-02)
1.10E-01
(2.00E-02)
1.30E+00
(3.50E~-02)
l.20E+00
(?7.30F£-01)
2.10E+00
(6.40FE-01)
6.‘00"-."02
(h.40E-02)
6.52E'01
(2.36E+00)
1.50F+00
(R.INE=-01)
1.10E+00
(7T.70F=01)

4.40E-01
(3.71E-01)

1.10FE+00
(3.70E-01)
2e60E+00
(4.60E~01)
2s40E+ND
(4,10E-01)
2.40E+00
(5.90E~01)
3.60E+00
(1.60E+00)
l.70E+0Q0
(9.90E-01)
2.40E+00
(2.50E+00)
2.80E+01
(4.,40E+00)
3.R1E+00
(1.03E+01)
1.40E+01
(6.30E+00)
4,10E+00
{4.,10E+00)

2.96E+00
(1.48E+00)

Statistical considerations as discussed in Eadie and
Results shown are mass weighted arithmetic average with values in parenthesis

being the standard error at the 95 percent confidence level based on the t-distribution for (n-1)
degrees of freedom.
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APPENDIX D

Air Sampling Results for Locations
in the Vicinity of the Jackpile Open Pit
Uranium Mine (in pCi/m3)
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SAMD| F

15RAY )
18RAY 7
158a18
18a01Q
yean2]
15AaR 21

15ap25

€L

1\e 71777

187907

140825

1A0520Q

1A081)

160535

TABLE D-1.
NATF
oM ncF
75712704  75/12/29
715/12/29 76701723
76/01730  74/09/77
764/02/27 16/93/26
76703724 TA/04730
76/06730  T6/05/2R
T6/05/2%  Th/04/25
76707/02 TA/07/730
76707730 76709707
TA/00/07 TR/NG/P4
76710701 74/10/79
LYAUVEL IR VAR WL
TR/11726  Th/12710

3.05-01
(l1.40F=-04)
4,F -0
(2.00F=-04)
]c‘F'U‘
(1.70F=-n4)
J.1F=03
{1.50F=0n4)
2s1F=073
(l.00F=-04)
J,u4F =07
(l.70F=0n4)
4, ~-()1
(2.00F=-04)
q,9F (04
(7.70F-05%)
1.8F-07
(9,4NF~-08)
3.7:-04
(A, TNF =NSR)
lqu-03
(l.10F=-n4)
2. TF =073
(4.,50F=N4)
3,4F=-01
(l.20c=-04)

]-IF'OQ
(1.40F=-05)
].QF—04
(1.9nF=05)
].3F-OQ
(I.SHF-Oq)
1.3F=-N4
(1.A0F=-NE)
QQ?F-US
(1.20F=06)
].]F-Oa
(lnﬁnF-OH)
1.7F—04
(1.90F~-0%)
4 ,5F =05
(7.50F=0A)

7-°=—ﬂ5
(1.10F=05)
5.9F=-0N%
(YelNE=-0%)
1.2F=04
(4,90F-068)
1.3F =04
(P.30F=0N5%)

*Results have been corrected for blank filter content.

(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Fadie and Bernhardt (1976).

CONFIDENTIAL

FNFE=03
(1.40F=-0n4)
4 ,7F=-013
(1Q9NF=04)
?ch‘{).’
(1.A0F=04)
"o”E"Oq
(1.40F=04)
?-]F'Oj
{1.00F=04)
3.4F-01
(1.70F=N4)
Ao?E-01
(2.00F=04)
9, =04
(7. 70F=08)
1.RF=03
(D 40F =N5)
7.8F=0n4
(F.S0F=nS)
1.9¢~017
(1.10F=n4)
Pt =01
(4 ,20F =n4)
. F =01
() ROF=N4)

2.“;'”3
(7.50E-05)
4,PF=04
(1.20F=n5)
A.6F =04
(R, ONDF=NA)
1 4F=-0?
(P.20F=-0n4)
2.PF =N
(A ONF=06)
4.0F=01
(1.50F=-04)
4,7F=-n1
(9.A0F=-05)
1.9F=N"
(A, 0NF=-05)
1.F=073
(5.20F-n8R)
60“F'04
(S.N0F-05)
] QF=N7
(6.,00F-0%)
1.9F =03
(2.2NF=04)
?.6F=Nn3
(P.9NF=04)

AIR SAMPLING RESULTS* (in pCi/m3®) AT JACKPILE HOUSING

S.4F =05
(1.NOF=-05)
BoﬂF-Oﬁ
(P«N0F-06)
e OF =06
(1.00F=~06)
9.7F-05
(1.ROF=05)
5' OF-06
(l1.n0F=06)
R.4F =05
(P« 10F=-05)
‘1-7E-n5
(1.20F=05)
JAF=05
(2.70E-05)
?.QF =05
(7T.00F=05)
2.2F =05
(9.90F=06)
4.5F=09%
(9.20F=06A)
5.AF =05
(1.10F=-05)
3.0‘-95
(1.10F=0N5)

2.2F=03
{(1.20F=-04)
3.7F-03
(1l.p0F=-04)
J.9F~01
{1.A0F=-04)
3.3F-03
(IQSOF-OQ)
2.3F-03
(1.30F=-04)
2.AE-N3
(1.30F=0n4)
‘5.3F-03
(1.90F-04)
2,2F-03
{1.30E-04)
1.5F-03
(9.00E-05)
JOQE-OQ
(R,90E-05)
1.46-03
{9.R0F~-05)
3.AF-04
(S5.40F=05)
?lSE-Oj
(1.R0F=-04)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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18RADT
18RAPQ
15803}
159033
ICLEEL
15017

1€AB19

174

187779

157799

187407

1594045

159Q67

1594069

TABLE D-2.
NATF
on FF
75712706 7I5/12/279
75/12779 7//D1/23
76701730 16702727
TR/7027227 TA/03/26
TR/0/27A  THR/NG /30
T4/06/730 75/6?/?“
767057792 TA/06/25
74707702 TA/DT7/30
74707730 TA/0R/P2T
76700727 TA/10701
TR/710/01  76/10/29
TA710/29 TA/11/29
76711779 TA/12/710

AIR SAMPLING RESULTS* (in pCi/m®) AT PAGUATE

2.1E-01
{1.10F=-04)
JORE-O"
1.1"-03
(7-?0'-'-0‘5)
6.95'0“
(4.40F-NS)
7.]F-04
(4.,40F=0%)
(4,20F~-0S)
l.‘GF-O:!
(7.70F=-0%)
8.1F-04
1.?F-03
(heANE=-NR)

9.AF =004
(6.30F~-05%)
l1.1FE-017
(6.50F=05)
1. 7F=03
(le10F=04)

R.3F=-05
(1.70F-05)
IO?F-OA
(1.90F=0%)
S.0F=-05
(Q,720F=~-0A)
1.2‘-05
(A.90F-0A)
?.87-05
(‘\'7(‘:-06)
?e5F =08
(A 20F=06)
q.3F-0q
(Q.50F=06)
3.1F-05
(5.60F=NF)
4,7F =05
(A.60F=0A)

. TF=05
106':-0';
(R,O0NF=-06)
5.9F=05

*Results have been corrected for blank filter content.

(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Eadie and Bernhardt (1976).

CONFIDENTIAL

2.0F-01
(1.00F~04)
1.3F-01
(1, 70F=04)
‘.?F-O]
7-1F-04
7.0F_"0’0
(6.50F=0%5)
S5.9E=-N4
(4e.10F=05)
1.4E-03
(7.A0F=05)
7|QF."0‘0
(A 10F=0N5)
1.7E~07
(6, 40F=0N5)

RL,9F =04
(6. 10E=-05)
QQQE'OQ
(A 20F=NS)
1.F =01
(1.10E=04)

2e4FE=-03
(1.00E=-04)
ZolE"n-’
(T.ANE=-05)
l .hE-ﬂ"
(A 10F=05)
6.AF=N4
{(4.,00E~05)
fhRFE=N4
(3.90F-05)
9.5E-04
{(5.106-05)
3.0":-0‘0
(3.00F-05)
l1.4F-03
(4.80F-05)
l.4FE=03
{6.30E-05)

T 4F =04
(4 60E=05)
6.“”--0“
(4.,10E-05)
1.0F=-n3
(hoataNF-05)

1.15-0h
(P7.40E-05)
2.5F=04
{(2.60F=-05)
?4F =04
{(?2.60E-05)
l.9F =04
(P.?20E~-05)
B.QF-OG
(1.40F=05)
101E'04
(1. 70F=05)
?OQF-OS
(1.00E-05)
S5.AF =05
(3.90F=-06)
Squ-OS
{1.0E-05)

l .4'-'-04
(1.90F-05)
6.4E-05
(1.40E-05)
SQQF-OS
(1.ANEF-05)

l-qE-03
3.0E-03
(l1.70E-04)
l.“E‘O]
(9.30E-05S)
7.6E-04
(7.00E-05)
7.3E-04
(7.70E-05)
7.SE-04
(7.30E-05)
1.6E~-03
{1.00E-04)
1.,9F=-03
(1.00F=04)
1.46-03
(9.40E~-05)
l.lE-04
(3.50F-0%)
R.RE-04
(R.30E~05)
B.4E~-04
(T.10E-05)
4,.,RFE=-04
(9.50€-05)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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18RR41
1RRRA
1GRALS
18ap47
162849
18R779
15A7A]
157791
157705
157797
quqéo
159941

1599417

TABLE D-3.

NATF
ON OFF
715712/04 15712779
75/12/729 TA/01/21
76701730 TA/02777
76702727 15/03/76
TA/03/26 TA/D4/30
16706730 TAR/05/2R
76/05/2R 76/66/?q
76707702 TA/07/716
TR/09/0A  TA/09/03
TA/09/03 TH/10/01)
TR/10/01  TR/10/P79
76710720 TH/11/29
TA8/711/279 TA/12/10

AIR SAMPLING RESULTS* (in pCi/m®) AT BIBO

H.SQ-OA
{1.20F=04)
1.72F~013
(3.40F=04)
3.F=04
(2.R0F=N5)
2.1F=04
(2. 10F=0%)
2 uF =04
(2.10F=-05)
1.7F =04
(l1.20F=-05%)
2.9F =04
(2.4NF=-N%)
2.4F =04
(2.90F=0%)
2 W =04
(2-\0’-09)
laAF =04
(l.70F=-058)
2.7E-04
(2.50F=0%)
2.7F =04
(P.40F=NS)
6.NE~04
(S.A0F=N5)

A-SF‘Oﬁ
(1.30F=06)
LY 1.5F=N6
(1.RNF=0A)

1.2F=05

(4. 40F=0GR)

Q.7F =06
(5.90F=05)

A.0F-06
(3.00F=NK)

AJSF-06
(W 1NF=06)

Lo,4F =06
(1.80F=06)

QORF-06
(6.30F=06)

2+5F =05

(lalnF-OS)

*Results have been corrected for blank filter content.

CONFIDENTIAL

(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Eadie and Bernhardt (1976).

ReE~-04
(1.20F=04)
1.7F-073
(,40F=04)
‘-lF‘O“
(?.80F-05)
?.lr-OQ
(P2.70F=05)
2.?F-0a
(2.10F=05)
'-AE-04
(1.,90E-n5)
?.7F-OA
(2.S0F=-05)
?Q?E-OQ
(7.90F =0N5)
PePF~=0a
(P« 10F=-05)
I.RE-OQ
(1. 70F=05)
?.RE-04
(?4A0F=05)
P.?F-OQ
(?.50FE-05)
6.]E-04
(5. 70FE =051

230TH

T1F=04
(3,20F=-05)
9.RF=-04
(1.90E-06)
3.3F-0Q
(2.4DE=0S5)
2.0F=04
(1.ANE=05)
103E-04
(1.40F-05)
1.7F =05
(2.0NE-06)
2.9F=N4
(?.AQF-OS)
3.9FE-04
(5.00E-05)
1.0F=-04
(1.ANE=-05)
2.4E-04
(2.50F=05)
IOQF-QA
(3.30FE-05)
1.RF=04
(3, 10E-05)
3.4E-D4
{3.90F-05)

?32TH

7-75-05
(2.70F=05)
1-BE-0“
(7.90F=05)
5.1F=05
(1.00E-05)
7.2F-05
(1. 10F-05)
JO?F-OS
{(6.90F=06)
4.06-06
(1.00E-06)
3.7E-05
(7.90F-06A)
SIQE-OS
(ZIOOF-OS)
243605
(R.N0FE=-06)
4,36-05
(1. 10F-05)
S.RF-OS
(1.R0E=-05)
4,6F-05
(1.50F-05)
l.ﬁE-OS
(1.10F=05)

7.4F~05
{3.50E~05)
4,8E-05
(3.70E-05)
ZOZE-OQ
(4.40F-05)
7.7E=05
{(3.A0E-05)
2.AFE~04
(4,40F-05)
2|IE-04
(4.80E-05)
2.9F~-04
{5.90E-~05)
2.3E-04
(7.00E-05)
2.2E-04
(4.,60E-05)
2.2FE~04
(4.A0F-05)
EOQE-OQ
(4.80F~-05)
2.2E-04
(4,20E-05)
l.7F-04
(6.50F=-05)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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15R797
158799
1ERAN]
1SAR03
1SAANS
158807
1SRRANY
1877R1
187785
187747
150647
159949

18QQ5]

TABLE D-4.
NATF
on OFF
15/12/704 15/172/29
7571277279 7A//01/23
764701730  7A/02/13
7A/707702  TA/01/26
TA/703/7257 7/A/04/30
76706730 76/05/2R
76/06/7R  TA/0A/25
76707709  74/07/30
TA/707/730  TA/08/27
76708727 TA/10/01
7A710/01 TA/10/279
75710229 TA/11729
T6/11/7279 7A/172710

AIR SAMPLING RESULTS*

B.AF =05
(1.30F~05)
6.RF-0A
(4.40F=05)
5.05-06
{4.10F=N5)
?.OPE-O“
(2.50F=05)
2-4F‘0“
(2.30F=05)
loq.F"O‘l
(2. NOF=0NS)
J.4F=04
(3.20F=-N5S)
1.9F-04
{?2.30F=-N5)
1.5F=04
tl.20F=05)
2.1F-04
(2.N0)F=N5)

S5.7F=04
(4.20F=05)

5.9F=04
(S.A0F-0%)

4.4F=0R
(1.10F=0A)
P-BF-OS
(7.00F=06)
1.3F-05
(7T.0nF=06)
R.JF-ﬂﬁ
(6.ANF=0A)
9.4F =06
(4.30F=-0A)
6.HF =06
(3.90F=0K)
lo?F-OS
(A.30F-06)
LT 4.RFE=0h
(5.20F=06)
N, 7F =06
(6,30F=-05)
Q,2F=06A
(3. 70F=06A)

2 4F =05
(7.20F-0A)
?n?F"Oq
(1.10F=05)

*Results have been corrected for blank filter content.

CONFIDENTIAL

(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Eadie and Bernhardt (1976).

(in pCi/m®) AT MESITA

R.1E-0S
(1.50E-05)
feRE=-04
{6,40F=05)
h.ﬂF-Ob
(4,20F=05)
?QAE'OQ
(?A0F=-N5)
thE-OQ
(?.AOF=05)
1.9F =04
(7. 30F-09)
3.56-04
(1.30E-05)
1.7E-04
(7. 70F=05)
1.45-04
(1.90F=05)
ZCIE-OQ
(?.20F=05)

':).-;F"'O‘&
(4,40F=05)

q.lE-OQ
(5.20E£-05)

230TH

ZQ]F-OQ
{2.,30E-05)
2.7.:"04
(2.40F-05)
2.AE-05
2.‘0;—04
(2.40E-05)
2.66-04
(2.10E-05)
3.9F =05
(9.00E~-06)
3‘6‘::-0‘0
(3.10E-05)
5 QQF"O‘;
(5.00F-05)
3.05-04
(3.00F=05)
ZOAE-OR
{3.00E~06)

1.7E=-04
(1.70E£-05)

1.5F=n4
{(2.ADF-0S)

232TH

4:7E-05
(1.10E-05)
l.lE-04
(1.50E~05)
1.2€-05
(9.00F=06)
7.0E-05
(1.70E-05)
1.5€=-04
(1.50E-05)
2+5F=-05
(7.00E-0A)
l.hf-ﬂh
(1.90E-05)
]-SF-OQ
(2.50E-05)
l1.0F=04
(1.70E-05)
1-6F‘05
(2.00E~06R)

So]E-OS
(9.90E=0A)

1085-05
(1.30F=05)

226RA

1.7E-04
(SCZOE-OS)
Z.QE-OQ
{S.R0E~-05)
3.3E'04
(8.00E-05)
2.3E-04
(6.20E-05)
ZUQE-OQ
(S.20E-05)
ZOOE‘OQ
(4,90E-05)
4 4E-04
(6,70E-05)
1,6£-03
(1,20€£-04)
'9|2E°05
(4,30E-05)
3.2E-04
{5.30E-05)
1.,0£-04
(4,R0E~05)
G.1E-04
(S.70E-05)
l-OE-Ob
(6.90E-05)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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LL

SAME(LF

AIR SAMPLING RESULTS* (in pCi/m®) AT

OLD LAGUNA

1587R
15R7R7
1RA7RY
1SR70]
158797
158795
187787
1877A9
157791
150051
159955

15Q9QG7

TABLE D-5.
DATF
0N OFF

15712/06  15/12/79
76701730 T5/02/27
76702727  T4/0377A
76/03/26  16/04/30
76706730 75705727
T76/705/28  T6/06/25
76707702 76707730
76708706 T6/08/27
TA/0R/2T  TH/10/0)
76710701 76/10/29
76710729  7A/11/29
76711729  76/12/10

SOAE‘OQ
(3.90F=05)
4. 4F =04
(3.4NF=05)
3.NF=04
(2.A0F=0S)
l.9F=-04
(1.90F=-0S)
2.7F =04
(7. 70F=05)
l.1E=~04
(l1.50F=05)
4,4F-05
(l.?Oc'QS)
Q.AE-OR
(1.50F=-n5%)
(1.10F=-05%)
l-qF-OA
(1.R0F=DS)
3.8F=04
(3.10F=058)
h.1E=-04
(5.70F=N5K)

?-57-05
(A.RNF=-06)
IOEF‘OS
(6.70F=0F)
7.9F~06
(3.80F=0A)
S.AF=06
(3.?0F-06)
9,7F=06
(Q.Qﬂr-ﬂﬁl
AeIF=0A
(F.60F=0A)
LT 2.8F-0A
(3.20F=04)
4,4F=0K
(3.3nF-05)
?.3‘—06
(?.10F=04)
7.5F=06
(4.20F=06)
9.7F=04
(S.10F=-06)
?AF =05
(1.20F=0%)

*Results have been corrected for blank filter content.

CONFIDENTIAL

(95 percent confidence level) standard deviation based on counting errors.

Ses4F=-04
(4.00F=0%5)
4,7E-04
(3. 70F=N5)
?RF=04
(?.60F=0S)
‘.7F‘0“
(?.10E~05)
?OHE-04
(?.90F=05)
1.”5‘0“
(1. 7NE=NS)
44RE=-0%
(1.A0F=N5)
Q.OF-OS
(1.A0F~05)
7.4F—05
(1.30F=05)
loRE-OQ
(2.10FE~-05)
44,1F=-04
(3.40F=05)
ﬁ.ﬁE-OQ
(5.90NF=-05)

EOZE‘O“
{1,90F-05)
3.1€~-05
(2. 00E-06)
2.4E-N%
(4,00E-06)
2.,1E-05
(3.0NE-06)
9,7TE-NS
(1.60F=05)
1.1F=-04
(1.,50E-05)
A.7F=-05
(I-ROE-OS)
I.OF-OS
(2.00E-06)
B8.,0F=05
(1.,30E-05)
B.AF =05
(1.20E-05)
1.1E=04
(1.50F=-0%)
l1.4F =04
(2.70E-05)

B.AF=05
(1.20F=05)
Q.OF-Uﬁ
{1.00FE-06)
QQOE’06
(3.00E-06)
1.1E-05
(P.N0F-06)
3.4FE=05
(9.00F-06)
SCQF-OS
(1.10€-0%)
“o]E-OS
(1.20E-05)
l.OE-06
(1.00E-06)
1.2F-05
(4.50F-06)
9.5E-06
(S.20F=06)
1.1E-05
(6.00E=06)
].§E-05
(1.10FE-05)

1.2F'04
(3,80F-05)
J.3E-04
(5.90F-05)
ZOQE-OA
(S.10E-05)
2.3E-04
(5.50E-05)
QOZE-OS
(4.40E-05)
803E‘05
{4.,R0E-05)
4.,1E-05
(4.70E=05)
4.4E-04
(7.00E-05)
5-1E-05
(3.70FE-05)
T4E~0S
(3.90€-05)
9,/E-05
{4.60E~-05)
5.9E-05
(5.B80E~05)

Values in parenthesis are the two-sigma

Statistical

considerations as discussed in Eadie and Bernhardt (1976). Blanks indicate no data.
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APPENDIX E

Air Sampling Results for Locations
in the Vicinity of the Jackpile Open Pit
Uranium Mine (in pCi/g)
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SAMB(F

18AR12
18RA14
15AR1 A
1SRA20
18RADP

18RA24

6L

158876
1577718
1870n0R
160526
160630
1605372

1A0513K

TABLE E-1.
NATF
ON OFF

75/12/06  15/12729
15/172/29  71A/01/23
76701730 76702727
76/02/21 16/03/26
76/01/26 16706730
76706730 T6/05/7R
TA/06/7R 76/0K/725
76/07/07 TA/07/30
74707770 76/00101
76/09/0%  T6/09/74
76710701 T6/10/29
76710729 TA/L1/79
76/11/29  74/12/10

T.QF+01
(3.A0F+00)
9.7F+01
(4.,50F+N0)
9.NF+01
(G6.20F+n0)
T.AF+01]
(3.A0F+00)
6.?2F+01
(3.00F+00)
B.4F+01
(4.20F+Nn0)
qo?"-‘o‘
(4.,50F+00)
4.‘3":001
(J,40F+0N)
7.QF"0‘
(4.20F+00)
4.1E+01
(3.30F+00)
6,4F +01
(3.50F+00)
6.2F+01
(l.10F+01)
9.9F+01
{(S.30F+0N)

2351)

P.RF4ND
(3.40F=-01)
4 .27F 400
(G, 4NF=01)
3.?F+00
(Y.ROF~-01)
A.1F+00
(.ANF=01)
?.S5F+00
(3e40F-01})
?-7F000
(R.AONF=-01)
F.9F+00
2.0F+00
(e INF=01)

I.QF#OO
('-'1.70‘-'-01)
1.8F+00
(3.RAF=-0N1)
2.9F+00
(1.30F960)
“.7F000
(A.AOF=01)

*Results have been corrected for blank filter content.

(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Eadie and Bernhardt (1976).

CONFIDENTIAL

Te7F4+01
(3.50F+00)
9,5F+01
(6.40F«00)
Re7E+01
(6, 10F+00)
7.7F+01}
(3.50F+00)
he”PF+D1
(3.00F+00}
R.uF+01
(4.20E+00)
9,5E+01
(4.50F+00)
4,5FE+01
(1.40F+00)
7.RE+Q1
(46,20F+00)
3.9E’01
(3.30F +00)
6.3E’0]
(3.50F+00)
he?PF+01
(1.10F+01)
Q.5F+01
(S.20F+00)

230TH

T.3F+01
(1.90E+00)
9., 4F «00
(2.70F=01)
R.AF+00
(2.10F-01)
3.4F 402
(S5.40FE+00)
6.,5E+00
(1.ANE=-01)
9.9FK+01
(3.60F+00)
Q9.6F+01
(2.20E+00)
8,4F «N]
(2.60F+00)
T.0F+0])
(2.30E+00)
J.2F+0]
{(P.SOE+nD)
6,2F+01]
(2.00E+00)
4 ,RF+01
(S.70F+00)
T.IE+N]
(8.30E+00)

AIR SAMPLING RESULTS* (in pCi/g) AT JACKPILE HOUSING

232TH

(P 70F~01)
l.HE-Ol
(4.50F=-02)
IUQF-OI
(2.50E-02)
P2F+00
(4.40F=-01)
IQSE'OI
(2.70F=02)
2«1F+00
{(5.10E~-01)
1.5E+00
(2.R0E=-01)
1.6E+00
(3.70E-01)
1.3E+00
(3.20E+01)
1.1E+00
{5.00E-01)
1.5F+00
(3.00F=01)
1.4E+00
(2.90F=01)
8.AF=-01
(3.70E=01)

226RA

5.5E+01
(3.20E+00)
B.4F+01
(3.60F+00)
9.7E+01
(4.00E+00)
B.2E+01
(3.70€+00)
T.0E+01
(3.80F+00)
6.5E+01
(3,40E+00)
1.2E+402
(4.40€+00)
2.7€+01
{6,00E+00)
6.RFE+01
(4,00E+00)
1.7€+01
(4.,50E+00)
4,3E401
(3.20€6+00)
9.9E+00
(1.40F+00)
T.3F+01
(5.40£+00)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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08

QAMB|F

LLEET
18RAZN
158272
188R734
15AR36
1SRATJ[
1SRA40D
187780
1687200
157904
1658966A
}SQGA/A

169970

TABLE E-2.
NATF
ON OFF
75712704 7S/12/79
I5/12/79 76/01/23
76701730 76/02/27
16/02/727 16/03/76
T6/703/26  T76/04/730
TA/04730  TA/05/78
TA/05/7R  7AR/06/25
T6/07/02 TA/07/130
TAR/707/730  T5/0R/27
TA/70R/2T  T6/10/01
76710701 76/10/29
76710729 T74/11/29
16/11/79 76/15/10

AIR SAMPLING RESULTS* (in pCi/g) AT PAGUATE

2.4F+01
(1.720F+00)
l.7E+01
(8.,A0F=N1)
8.8F+00
(5.00F-01}
S.NF+00
(3.10F-01)
1.2E+01
12K +0)
(7T.ANF=N1)
l.AF+01
(B.,70F-01)
1.7F+01
(1.30F+Nn0)
3.1F+01
(1.70F+00)

7.“E000
(4,A0F=01)

1.2F+01
(T.20F=01)

2.QF+0]
(1.90F+0N)

QQ‘.F-OI
(1.30F=01)
6¢3F-01
(9.20F=07)
3.5F=01
(6.40F’02)
?.2F=01
(4.80F=02)
ﬁ.SF-nl
(1.10F=01)
4e4F =01
(l.10F=01)
AJO0F~-01
(1.10F=01)
6.‘0F-0\
(1.20F=D1)
1.2F+00
(P.20F=01)

PeTF=01
(A.QNF=02)

4,0F=01
(R.ANF=-0N?)

0'7F-01
(?.70F=01)

*Results have been corrected for blank filter content.

(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Eadie and Bernhardt (1976).

CONFIDENTIAL

2.3F+01
(1.20F+00)
1.6F+01
(A, 40F~01)
R.4E+0D
(4,90F=01)
S<0E+0N
(R, 20FE=-01)
1.1E+01
(7.,30F=01)
1e1E+01
(7.30F=-01)
1.5F+01
(R.A0E-0N])
1+7F+01
(1.30F+00)
J.NF+01
(1.70F+00)

6.4F+00

l1.1F+0]
(6.00’:_-01)

3.0F+01
(1,90F+00)

2INTH

2.TE4+01
(1,10F+00)
1.0€E+01
(3.70F=-01)
9,6F+00
(4,30F~01)
4,9F+00
(2.90E-01)
1.1E+01
(6,4NF=01)
1.7F+0]
(9.30E-01)
3.4FE+00
(3,40E=-01)
2.8F+0)
(1.00F+00)
3,7F+01
(1.60E+00)

S.uF+N0
(3.20E-01)

T.1F+00
(4,60E-01)

1.7€+01
(1.10F+Nn0)

232TH

1.,5F+00
(P 70F=01)
1.2F+00
(1.30F-01)
l.7E+00
(1.80E-01)
1.4E+00
(1.50E-01)
1.5F+00
(2.30E~01)
1.9F+00
(3.10F=01)
3.1F=-01
(1.10E-01)
1.72FE+00
(2.10E-01)
1.5F+00
(3.30FE=-01)

1.1F+00
(1.40E-01)

7.1E=-01
(1.606=-01)

9.0F=01
(P.60F-01)

2.1E+01
{1,20E+00)
1.5E+01
(8.30E-01)
9.5F+00
(6.50E-01)
S.4E+00
(4.,90E-01)
1.2E+01
(1.,30E+00)
1.3E+01
(1.30E+00)
1.7€+01
{(1,106£+00)
3.7E+01
(2.20E+00)
J.AE+01
(2.40E+00)
2.0E+00
{7.20E-01)
6,4F+00
(6.00E-01)
9.2E+00
(7.90E-01)
B.1£+00
(1.60E+00)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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SAMBYF

TABLE E-3.

AIR SAMPLING RESULTS* (in pCi/g) AT BIBO

230TH

232TH

J5RR47

L LYAA
158046
15a4A
15aR50
1S]37R0
1GR7R?
127794
1577964
187798
159940
159647

1594944

15712706
75712729
767017730
TAR/702/77
TA/07/726
TA/704/30
76/05/78
TA/70T7/07
TA/0R/NA
TA/709/017
1A/710/701
76710779

7711729

75/12/29
16/01/723
TR/02/727
74703726
76704730
TA/05/7R
78/0A725
15/07/716
76/709/03
74710701
T6/1n/29
T5/11/29

76/12710

1.9F+01
(2.20F+00)
4.NF+0)
(1.20F+01)
9.8F +00
(R.P0F-01)
4.,RF+00
(Q.RO'-'-OI)
6.0F+00
(S.InF=n1)
T.8F+00
{R.10F=01)
T.F+00
(6.10F=01)
2eF+01
(2. RO0F+0NN)
B.1F+00
(7.lﬂF’-01)
l.aF+00
(1L.70F=01)
4 ,8F+00
(4.ANF=0N1)
T.1F+0N
(6.30F~=Nn1)
1.5F+01
(1.40F+n0)

1-6F"01
{RJINF=0D2)
LT A,SF=02
(7.20F=02)
2.9F-01
{l1.1n0F=01)
9.7F-01
(S.ANF=01})
?.1':-01
(1.10F=01)
‘\.qF'O?
(1. 10F=02)
T .6F =02
(AANF=07)
2.F-n]
(le1nF=01)
S«9F-01
(P.70F=01)

*Results have been corrected for blank filter content.

CONFIDENTIAL

(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Eadie and Bernhardt (1976).

2.0F+01
(PLROFE+00)
H4,0F+01
(1.20F+01)
Q,3F+00
(R.10F-01)
4.,7F+00
(S.10F=01)
Se4F+00
(S.30F=-01)
T4E+00
(A, ANFE=N1)
haQF+0N
(As&0F=-01)
2elF+01
(PROF+N0)
7.6E+00
(7.30F=-01)
1.5FE+00
(1 .80F=01)
4 RF 00
(4,50F=01)
7.0F+00
(AS0F=01)
1.56+01
(1.40F+00)

1.,6F+01
(1.90F+00)
3.,7F+01
(h,20E+00)
9,.,6F+00
(7.20E-01)
4,5F+00
(4,20F=01)
3.7F+00
{3.40F-01)
7.5F=n1
(7T.,ANDF=02)
T.4FE+00
(6.10E=-01)
3.9F+01
(4,90F+00)
3.5F+00
{(S.70E=-01)
2.4F+00
(2.50E=-01)
3.3F+0N0
(S.A0F=-01)
4 AF+ND
(B.00F=01)
R, AFE+N0
(9.40F=01)

1.AF+00
(ha10F=-01)
S.AF+00
(2.60F+00)
1.5E+00
(2.A0F=-01)
1.6F+00
(2.50€-01)
HOOF-OI
(1.70E-01)
1le.6F-01
(3.50F-07)
9.4F~-01
(2.00F=-01)
S<RE+00
(2.00E+00)
3.05-0]
(2.70F=-01)
QQ‘OE'OI
(1.,10F-01)
1.0F+00
(3.10F£-01)
12F+00
(6.00F=01)
40“F‘01
(2. 70F=01)

1.8€E+00
(8.00E-01)
1.6E+00
(1.,20F+00)
6.6E+00
(1.30E+00)
1.RE+00
(8.20E-01)
6.7E+00
(1,10F+00)
9,2E+00
(2.10E+00)
7.5F+00
(1.50F+00)
2.2€+01
(6,80E+00)
T.SE+00
(1.60E+00)
2.3E+00
{4.60E~01)
S.0E+00
(8.,20E~-01)
S«.BE+DO
(1.10£+00)
4,1E+00
{1.60E+00)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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SAMPLF

15798

1SARN0

1SARN?

1SRAN4G

15RANA

15AANR

1SRALN

157787

1877RA

1877ARR

150980

150957

TABLE E-4.
DATF
oM OFF
75712706 75/12/79
15712729 7Th/01/23
76701730 7A/02/17
76703702 TA/013/2A
TAR/0/72A  TA/N4/30
76706730 76/05/28
TA/Z08/27R  TAR/0AZP2S
76/07/09 TA/07/7730
14707730 T//08/77
7A/0R/727 TAR/1N0/01
76/10/729  TA/11/29
T4/11779 76712710

AIR SAMPLING RESULTS* (in pCi/g) AT MESITA

2l

9.0F-01
6.5F+00
(4.20F=-01)
3.,7E+00
(3.30F=-01)
2.3F+U0
(2.50F=-01)
1.75+00
(l-70c-nl)
2.3E+00
(2.50E-01)
2.7F+00N
(P4DF=-01)
E-qFOOO
(3.70F=-01)
2.0F+00
(2.30F=-n1)
1.7F+00
(l.50F=-01)
3.9F+00
(3.,10F-01)
1.7F+01
(1.720F+n0)

2351

4.55-0?
(Y. 20F=02)
?.7F-01
(A TOF=02)
I-IF'Ol
R 3IF=N?
(4.6NF-07)
7.1F-02
(1.2NF=07)
AIF=02
(4.30F=-02)
1.3F+00
(6.ANF=-01)
LT f4F=0?
(Ae9NF=NZ)
1.7F=-01
(5.50F=02)
AOHF-OZ
(P.7T0F=0?)
) .FF—Ol
(5.30F=-02)
4.7:-01
(?.40F=-01)

*Results have been corrected for blank filter content.
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(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Eadie and Bernhardt (1976).

23R4

8.25-01
(1.60F=01)
6.3F+00
(4.20F=n1)
3.2F+00
(3,640F5=01)
7e4F+N
(?.R0F=N1)
1.AF 400
(1.90F=-N1}
?.4F+00
(P.AROF=-01)
2. 7E+00
(P.A0F=N]1)
Pe?E+DD
(3,70E=-01)
1.8E+00
(?e40E=-01)
1.5F+00
(1.A0F=-01)
F9F +00)
(3.30F=-01)
11F+01
(1.10F+00)

230TH

2.1F+00
(2.30E-01)
2.6FE+00
(2.30E=-01)
2.1F=-01
(1.10F=-01)
2.u4F+00
{(?.4NFE=-01)
1.9F +0Q.
(1.A0F=-01)
Q.QE-OI
(1.10E-01)
2.7F+00
(2.40F=01)
7T.,TE+00
(6.ANF=01)
J.RF+00
(3.80F=01)
I.RF-OI
(2.10E-02)
1.26£+00
(1.20F-01)
3.7F+00
(5.90F~01)

23°7TH

‘OOBF.'OI
(1.10E-01)
1.06+00
(1.40E-01)
1.0F=01
(T«60F=-02)
7.0F'01
(1.30F-01)
1.1E+00
(l.70F=01}
3.1F=01
(9.10€-02}
l.0F+00
(1.50E-01)
PeNF+00
(3.40E-01)
1«3F+0N
(2.20E-01)
l-?F"nl
(1.70E-02)
3.HF-01
(7.30F=-02)
3.‘":-‘01
(P.90F=-01)

226RA

1.8E+00
(S.30E-01)
2.TE+00
(5.60E-01)
3.1E+00
(6.50E-01)
2.3€+00
(6.,20E-01)
2.1F+00
(3.90£-01)
2.5€£+00

(6,10E-01)

3.3F+00
(S.10E-01)
2e1E+01]
(1.70F+00)
1.2E+00
(5.50E-01)
2.4E+00
(4.00E~01)
3.1E+00
(46,30E-01)
2.4E+00
{1.50F+00)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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SAMP|F

AIR SAMPLING RESULTS* (in pCi/g) AT OLD LAGUNA

2341

2351

23NTH

232TH

15A7R4
158784
15R790
158792
15R794

158796

€8

157784
157790
157702
159954
1599564

159954

TABLE E-5.
NATE
oN OFF

757127006 75712729
16701730  T68/02/27
76702727 16/03/26
T6/03/26 T6/04/30
76704730 76/05/28
76/05/2R  TA/06/25
76707792 76/07/30
76/0R/0A T6/DAR/2T
T6/0R/?2T  TA/10/01
TAR/710/01  7A/10/79
76/10/29 TA/11/29
76711729 76712710

S.2F+00
(3.705-01)
3.5E+00
2-‘3"‘*”0
(2.10F=01)
1.9F+00
(2.00NF=N1])
1.1F+01
(1.”0:4"0)
2.F+00
(3.10F-01)
2.'5"'00“
6.7F+00
(9.40F=N1)
quF’OO
(R8.,A0F-nY1)
A 1F+0N
{9.30F=01)
S.3IF+01
(4.0F+00)
4.F 40}
(4.,10F+00)

?s6F=01
(A.SNF=07)
A, TF =07
(U, 70F=02)
AH4F =0P
(3. 00FE=02)
ARe2F =07
(1.40F=02)
A.RE=-01
(1.80F=01)
1.3F-01
(T.40F=02)
LT 1.,5F-01
(1.70F=01)
?.AF=01
(?.,10F=-01)
1.7F=01
{1.50F=n1)
1.AF=01
(P.10F=-01)
IQZF*OO
(7.10F=01)
IQRF'OOO
(R, 20OF=N1)

*Results have been corrected for blank filter content.

(95 percent confidence level) standard deviation based on counting errors.
considerations as discussed in Eadie and Bernhardt (1976).

CONFIDENTIAL

S.3F+0N
{1.RNF=N1)
3.AE+0D
(7.90F=N1])
2?2k +00N
(P.10F=01)
1.RF+Q0
(P7.70FE=Nn1)
1.1F+01
(1.00F+00)
?.0E+00
(A.ANF=01])
?.‘\F*ﬂn
(R,I0F=01)
Se.TF+00
(1. N0F«00)
S,4F+00
(9.,A0F-01)
°.4F400
(1.10F+00)
Se7F+01
(L4 ,ROF+00)
4,5F+01
(6,30F +N0)

2s1F+00
(1.AR0E-N))
2.F=N]
(1.90FE=-02)
1.9F=01
(3.60F=07)
2.3F=01
(2,R0F=~02)
3.6F+N0
(5.90F=01)
2J.4F+00
(3.,70F=-0N1)
4 AF 40D
(9.40F=01)
AelaF =01
(1,30F=0N1)
S.QF+N0
(9.,40F=01)
4 ,4F+0()
(A,P20F-01)
1.5F+01
(2.10F+«00)
Q.9F+00
{(1.90F+0n0)

R.3F=-01
(1.20F=-01)
6.9F =02
(1.00E=-02)
7-45-02
(P.20E-07)
l-lE-ﬂl
(?7.00E-07)
1.3F+0N
(3.50E-02)
1.7FE+00
(2.0E=-01)
2.1F+00
(6.40E~01)
6-“F-02
(A 40E=02)
8-7E‘01
(3.30F=~01)
4.95-01
(Z.A0F=01)
1.5F+00
(R.0F-01)
1.1F+00
(7.70F=-01)

1.1E+00
(3.70E-01)
2.6E+00
(4.60F-01)
2.4F+00
{4.10E-01)
2.4E+00
(5,90E-01)
J.6E+00
(1.60E+00)
1.7E+00
(9.90E-01)
2.4E+00
(2,50E+00)
2.RE+01
(4,40E+00)
3.7E+00
(2.70E+00)
3.9E+00
(2.00E+00)
1.4E+01
(6.,30E+00)
4,1E+00
(4,10£+400)

Values in parenthesis are the two-sigma

Statistical
Blanks indicate no data.
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